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/3JJO) 



4jjl_dj_a iJIjLkj JU _ 4 » nr> a ^ < "I ^ jJI ^L*JI 

^SLoJI £c_jjLj 4j1 . jj irv *TI j^s j ^i a - 

L^jj^ < M*i V a I Jl_j_ju i4 j C^juo^aj 

J— xL A Uilj-J 4j|_^jJl ^_J__t-<a_ jJ t(jrj If t utl 

4-xtJLS Loj 4 a " ^ aj 1 4 j ' n **i H j 4-j_a 



J t ii I* ii "tit ^1 'rtjV L_*>.l3_lt l-j^LjjVI 4_j| ^1 ijLSLfl^ft jj_Lsa3 j in ^ 

<jl 1 1 *m i*Ii (jj 1 1 jufc ^j^a ^.Lw ~i i ij . L^jI **■ i<r>\ ^Jl 4jj) f m La ^ j < ^ "tl 

Cm ii j I t i ii"i in <a LjJL^. Ill (j^>j«ju Lt jJI i<U alt.lt LLuaJill a Cj^LSLulLI 

*4 jl i i » a CjLi J 4_u1j_jJI CjI i nijjJl <t j a Avt . I JLC. j I ^j_JI 

^LvjJLI cj) i>> (jr a I^LlIojj j*jl*Jl 3c 1^3 3jLl! ^t «LuLU 4j>.L>J! j-ualuj 

*. . i.fnT! ^,1^ LJjb I jla J*Jj , Jirt^.itU jLa^ Lat> xVuntj jStjJt JM^rJ L^L^t 

^yA ir a ^j— i^ j — a ^.fl 

La lIU J ^Jl i a! i>vj . djjlaj 4 J^-lj-A 4.*m t a <LtI>aj 4_L>-^_a ^^^3 J t i43\^juuojjn 
j\ AjjjJ 4 u <T*«tlj ^JUJI JtJjlj ^^JS 4_jijJ Cjt^_j*j^a ^j-fi „\ n «j 

t l^4jJ_o ^jjj ^ m ^ J J/wl ^j^/l *w Ci,»-L) JLBj \ ^ j»Lt JUlA tCitjJ^a £-*J f 

^".^ i^ojJLaJ! CjfjL^3^>Jf CjljL>*jj ^jja 1 gjlj Jju^j La j j r i£. <4jjUL! 
( jjoj 44_JjJJt ^1 < 3>-*^^ 3jLlo-U \ $ **i % ftj L^J O^ilLaf (jjJt 4j«j jUtl olj^pJl 

CjJlLa! (jUt L-ajJL>Jt ^^_4-yVt ^-JIajj V^J <^j-i»>. t 3jLua^w ^? I « ^ii It ^7 

3JLC uiut^lo -1 L<4^ i AlLiZLC lj j»^Lutf^ft C J 3j^aJ^ Lljl 1 i"r» ^Jfll *t*lt 

Ut 



4JtJ O^r t 4_j^jJUJ1 Suia^ljl 4_£ j^w Loj^JI 4_iUI Cx^Ijj .j^aVl ^jLi ^ 

La /->t^ t4_ul r n iVl cLjI^JjJ Lbjju-d C i^^-LdU^I jLtfuljl ^JjL^aj 4_ji,Lc 

tl^J f^gjLdJjja 4jLl£ ^jJLuxoj 4_ps^Li_oV I 3jLl^>JI g.1 olr i<j^o JusVl 

tp^il 1 u\\ ^ <i\* \\ jtt ^aLLci ^JjjLdi ^Luijl L^jLqI^. (Jj_t_<_u j^Jj - 4j1a ^^-Lc 
jlialjl ^ lj£L» Jl^j V o1j_lJ1 Ijla ' ^ 1 ^pa ijLfcjj^lj j»jL-HI! j-stj Laju3 

, ^J^aLJuJI ^it-jjljJI <t^Li^u 

3 Jyfcj ^» JlojJ 4_ujJl1 I 4JLjjlII cLsLdJ c_Aa ^j^a I'lj.V-fc- J^ILdI < 4_ij^jfcJi ^JL*J1 4_<_u1j_i 
Jj3* <— 9Lj-<xiI 3_}L_^_t2o - 4_JLiu>J,l 4_ul^_jJ1 J^jIjjJI _ 4 j f j-uoj-^aj 

Juu i«4_jjo^Luj^?l 4_uJa*jJI)> a\^Lu\ Lo ^1 4_u t j- A (Jj^ jJl-JJ-i jjj^jJI^ 

( j» ) ^Vi ^L^. ^ « J-l>JI icLiuo ^ j^LiU J^jJij ^UjiJI Cjyi ^j^^-^JI 

4 Mi,Vf^tl)>j «4_jj^_xil *\ ji n &\\ Cj \j2 )) ^£ ijJLJ jlju 3 . ^ ^. " 1 1 4j^Lo^aj 

LlLUJIj CjI J t'r>[jj3\ <"( j <1 < n 4 J II 4 J <nl— UjVl ^j)ltll ^j^J J ^> I mil 

t-u^i Utll fjj* (jr lajA\ l-ljU>JI (_yJl f^n "in fOJ ^L_l^_lSJIj ^L)} j ntlj 

4_u|j 4 3 jfi J CjLjjl^jj dtVTj SLoJjJjq ^liLnj ^^jJLxS v4_o L <^jVI 3jLu^tU 



<LloULujUI SjlAaJI ^0 r...v«.jiij p^lall 



(£fL»-I^JaJlj JJJLj-uJIj jJ_t*^>Jl '"-l^ 4_L<-uJUJfc GjULioijI ^^-tHiJJ i4^j->Jl 

4-ua^L<-uVt 3jl tX^ll ^1 4i.ni _ ^Jart^a ^JbLSj (J-uLujI (jyic I JlA w * ; * jj 
4 j ^ < 1 1 LLl^oJI 1^ ji\ ^ jrjleu 3jL>. 4_i£ ^jj < ^> ^ ^ ^ 1 1 JL%j (-ill j 



L-u.b ju^vi 



i!c s!c i!c 

^^^^ 



*4 % Mil J 4 i 1*9 4_3j_JL_A ujLjSLJI 1 Jufc V 
t^iSl o "i T 4 j ><a >L^ 4_ j VjjLj CjLa^Imj c-jLjSUI Jjj 

•oj-^^-^y Q j 'ii j i ^ U j »Loi » Jl J^-C ^yill 

f^Mj / ^ 4jjj^_-ud ^ j r 4_aj^_*JI 4JtUI 4_bj_*-j0 

LfcjjJu |qtfi t nijjj ^^pJI j^kIjJU 4_^jUs 4 "j 1 "1 U 
^jLtJl (jyAj *4 j urLm! 4-JLJjt (J^LjlJ i^J-z? 

t M**i V <U 4 mil j flll 4 1 r\ 1 r\ «kJU ^Jj) in <*ttl C "< & I 



. .1 -<ti J 



jjl_jua-«JLI d ^ ^ « " a di Lui I j J 
^^_3uLlu I ' j t a" i.u, a 



^UlaJi tjjwj^o f • ^ L. ^ Cjji^ iSLujjJI CjLuIjjJI ^ PhD 3A,„tAtt 

o j t^^ J i^j jJj 4.t^(\Lfcj 4 j nj^aVtj 4_l&j*A]I oLuiljjJI 4_uijJUa 

^jJt iLynn White Jr. j * «^Vl c-jIj fj_>.jJtl ^jJajJI ^ j'^ "» 

CjWI l-iLSLI CjLLLljj ^jj_t!lu Sje^o 4 o jl JlcI jjfc JjVt ^ -^Ij 

IjUk ^ 4 hn^IL 4nU"U JjirtrtH jljuJ ^ya 4-ujjJI jjL-ail 

^ISJt c-cajJt ^jj ^j-SLj jj « Ml V n j^VLa f>UJ! ^1 4 . miML Lot 

u111_LA J^LI . (jLajJI ^j^s (jJjLS^C ^^yic JU^J La J5L>. ^jJUJI 4jUfe 5jL (j- 45 J J > ^ 
j_iLua_*Il 4 t? o t" 4 CjLj/IjJ Ij^j>o? ^jJ jJl (j-jjjLJl fiUJl Cj ^jj^a Lj_C 

(Jl «i r t lj j*j *n cli-J^-C , v fllj . I QtC i rtMi^tl j i mm 4_lI<^?I <*tlLjtt ^. * 

^uLuVl (^ii Ljjlx^o ijj^ciLsJl (jJI ^LJl (JjjuxoJ! j!jl£.J ^LIaJI 
juilj (^juijj David King jl-l-ojjj Ted Kennedy fjjuuuS ju 3juL_u^Ij 

jl.v j * ... jl-* A. I. Sabra 3j t jl_j_«JI , * ■ r, j Roshdi Rashed 

Julio Samso j m ol ... j_Jj_^j George Saliba I i A<<^ gjj^>*j A. S. Saidan 

. Juan Vernet 4_ijjj^ u'^>-J 
Ahmed Y. — ^ « ^'"j^ 4 n jl " m>>U 1 ir> 4 4 ^" J>- m! 
jii 4->l ~i < (jV t^^j^UI (jfj* 4-').<jl .I. ^ L7 l£, Ja-5_fl (j-u-J (Al-Hassan 

ZLuSLu ...U ^>uoVi C. Wakefield jlLI^j \j.nU JjJ^I jiLAJb 4jk^j| 
YY 

iLL-u^tj Imperial College Dr. Norman Smith 

ijj i Mj-aL (J .I.U, < n ^ >s j j .. . Jlj i^^U^jj^ Thorkild SchiAler jJj)j im jlL^j^j 



^LqJjJI *^>A Jj£ , sjj^ ^j_LJ! jjjb ' a oryj? Francis Maddison 

4 j *\ - -j -^j iUjt l * 4_j_itJjLjJlj 4_l1oJI 1 ^ *i i i 4-jflljj 4_jJLc. 

<J ft It 4__x-j*_j_-ud^j jj £j^Lj V "< i nt ^jLj - < nUlj ^jJSL» . 4_jjUaj^_iJI 

< n-r " a ^ 4_uji t <tj Colonel Gerald Napier j j mL> jJI^-j ^ J_u^JjSLLJ 
dboJj 4..i <nK]\ <L>-i MilLt (3 1 * " j U/ 8 *1 ^LjLJuj II <j*tttA 

i nit Encyclopaedia of Islam 4jja>L^I c^jLuil 3jj1 j ^jjj^-a jSL^Ij 

5jL£. J I jla 4-JLa 3jt£.l i h a ^jj rVn 4 j^UI 4 c>»tl <jl3j-«JI JSLj j J^Ij 

. 4_ua^Lx-oV I 4j irt*TI ^tJjLj ^LfeJ I i^±A£.*$ CjI j 1 < h 
4_JLfcJi (^^wjjJ ^j-jJ-Sj gJLj L^-i o-a-JL^ j^-c] i^tjjJt ^yk-j 

♦ ^jjj <,iiU l j " *j uut Pat ob 4 m j->JI 



Jl 

rrr 

Lu-ulj ^l_J4_jJ1 ^j_a CjJGjoI JL3 4jLv j-IS C*jI£ ^,(3 

4_j I VI *4jj_>i JLju (jLjSL^ j»jG pJ Ojj^la! j ' *j 
3 JL_-v j ; ' ■■ A j j f I— >• L_j>o % 

Antigonus ^^jj y j nl p£jt^ t4_JLj j ^ SjUa 

(j-ojLsj ^^jj^UI ijyj La jMj Seleucus ^j^ja^JLu t-*>-N ^^-^M*- 11 ) 

. jj^li 4_^ULI a^Ji^iJI Jj^Vlj '^ U l 
^ H J A* -W^J>^" Ptolemy ^j^iikj a^^i^LAj^ 

4JLu* ^ IpSUS (J^-cujVI 4^_j»-* <_;,!>■ p J -S"tl H — * JjJl lj — ^' 



(> < <> <i V Jljla ^y=> jVl ^j-a 4j t mrti U 4j-fljJ1 j-A> ^jjLjjx 
^Jcia-jo _ jtl J_La cJLUl ^jj-aJl <jL^j L7 1\^j>. - \j t VI IjJj) t"i no 

VI Bactria L>^L 4^U* <jt Vj 

^j-Sj^-cVI ^£L»JI l ^ tParthia LjjjL 45LL*-4 ^ LIj^Jjj 4 < .* n i cAjJI 

J-iLoJI i^j-uo Xi ♦ u^f-^>LJl ^ Jfi " i.il jJI Diodatus ^jjIjjjj 

LlijjL_c Ju>- ^ ^ j ^ j JlJljusj UJ) **" J > iSj-fr 1 Jl -^ c - *— >J-^>*-* Cr*^ 4$LLaU dJLA 
*|^xi.J .4aJL*A]l <J I Jj) j "ill ^yJj La O^j CjJlLoIj ( Jui-3j < »j ^jlitJ 

4 j mjJLSL-JI 4£U1 cjjl_>-j3 (j^-ujLJIj ^>\-Lajl < iJl (j-aj-* ^Jj-^ JLJ 4 
4 1 1 ii itL L^pfTL 4_i.<a a l ^ftf^^j *f**(J ^ * 4JLui ^JIj->- (»iU t4_jJLujL c>L_LlJLa 

(3juoJI (j-LJJ t4 j"wL JU^JIj I j < iij (j^J (^jL>«J JaL^ 1 fl**J * LT^ LjJI 

CjrU jlfi&l jLjJL>V 3Li3 Jt^yVI ^ Col* L4J1? VI < WicJjLb 5 MM! 

CjIj <n"iniU (J->-1 J ^ Lo_J! L^J ( m *s <Sj-^- 1 nj^X-j (jJUo tiJLukj *<-jjjl!Ij Jj^ iti.l 1 
2 S U 1 1 1 ^Ic 4_j_ojj— C.V I 3jJcij_4_uJI ^LglLjl JUu 4jj^JL> 3 jJL 4 1 rr"< i ntl 4 j j j^jLJl 

^LJLuijj-i^ pjl ^1 L^JLw 5j|^-j>.jJL! Susa ^_<_u 4Ju juq Laj ^ nil i L^-LolSo 

JUu ^^lfi. i4JL-J j gft 4-ujJtJl 4 tnll Seleucia 4_i2^L^ 4JjJuoj t(jr j|^jyi 

3j^g-t*^ iii a 4_Lflj)i ( ii Cxilaj . 4 "iji \ JjL ^_yJI o im Ljjj^j ^Lljo 4 < n o -v, 

^1 jLc. Hfl 4luu. ^ Ll <i r ^LajjJt LbjJ^sJ ^1 ^Jl 4_j_5j > _c.J 

. LojL ^it 4j^Ltill 

Jjo mi 1 rt" « ii <t i J^Lxll (Jjl3 ^jLil ^jjm]\ (jjS ^jjjoL^.jj 4_1j JUo ^yz Ijuj 

jjl ^1 jul^-j-ja j-Tfcj ^-lc Laj_^J 4 » tr>L>- <-iLIIl JLjlj <7> j tss\ ^j_aL>-jj (jl VI 

4_jaLS!lII 3Lj_>JI < j£. 4-B $ j. * 1 1 CjLqj Utl 4lS ^ ^X-jJ! ^lr j .^Laj^Jl ^SLstiJ 

{£jju>u 4 i a 4 o <r>LJl ^3 tiJL_4 4j| <-djJU i**f j t Ijjb jj^a L^3 UaLfuJ 



^2 4 j njj^VI (jJLll (Jj^to-* CjIJu * LqLoj 4_>.j Jula 4,jl or Lo^j 4_Ja-$J 0->L£ 
ALmLm O-i^Lxj VVO 4JLuu L^I 4-ajIj CjLV^ ^1 LJlLuj ^1 mi 

i-jj^cj > U 1 nj ^lr. LajijJ 4_LaL£Lll 3jl j mil 1 U 1 11 4JL>.LL>jJd ^_j_4 Jl_Iu <"«fl *iMj 
^Ij-^ ^jL^^jJI 4 1 <r> j 4 LljI 1 1 u| <r 1 1 4jJa : < U 1 »j-j-U ^ ^1 ^_jt_jJ1 t _p»j_>. 
^ TV ^Lc (j^j *^<3 ^ 4 ? 1 » j^Jlj-^- Ll-j j,uaj *{**t3 ^ " ^ 4JLui 

^JJ .(JJ-jqL>.^J jjylV "It J-A ^j-JLuaJl I J ml j^y^ LgJ 3jLcL£ i-*JJ C11 mi ^ 

La J.<r ^L_C (jr £ 4jj^Jo I j, 1 Lajj <"f >■ 1 .^.j ^* ^J-Ldu 

.AugUStUS "jf ■ ..A t» l_4_oJ Jc_Loj t^j^Ial^jua^/l ^^jiJI £^3^ L>* tJ" 1 " 1 

t j i n t^j t mfl I j mmTj ((jLnJLJI^ VL^*^ l£>^ Cr^" WjOi' 

4 j 1^.1 Jl!I e_>j^_>Jl Cj-jLSj *Ljjj_4-oJ t ^JLft,Mi,tl (^jJflj^-flVI J^L-tiJi J^-LaLLa^ 

JjJo \j-LA*$ \ ^gjjfl ^ T 1 ^ (J^ SLpJl 4 Q ill ^jJb 4_L>.jL>Jij 

j\j o "< ml CjJ^I LAjLaJjI £j! ^ 4jj jla 1 j i- 4-LiL-JI . ^Ij-uj Jl^v (jr Li 

«4_Iaj^-u)) ^Jl 4" n*n[c Constantine ^U:U...a j^LIj^VI Jnj ^» TV * ^Li ^ 

j i &\\ ( jduj .4 rt j* ji^tl 4_jjLajjJI 4jj^_Ls 1 jjljq V I ^ ■ jj^a 

ijj^lol^sVi ^lo^j (j^Lojij j^lo l>-i*! >^T V^o - VV^) Theodosius the Great 
Lj_uilj ^jLoLJ! ( _ 7 lc L^jj Uj i ii t <*il^rt'*< j wij «4_jiajj_j_iJI 4jj^] e3 tj k -i^ct^t>> ^u-uL ^jjLuJI 

H .l.T- I I II 



^MJI ^£L>o cxila ^pil <Jjjl1I 

JJU-aJI ! JUb ^ 4_t*Jfel ji^^l .^j^Uo^l M£ ^ >>-^ (jT ^ ^ 

. jrUjL>Jl tjryj OJL>. ^jJI ^LaUi J^tjuJI ^ JI^Hj 

I4JI S^uLlI JMi- ia-o^ (juiJ ,3 *U;M ciLiS ^ 2LJaLa!Ll1j 
t JUgJI ^1 I jij . .i 4_l2jj-c.^I 4 tl 11 cjj in"ilj t Koine «oj_5^J I » (jh* 

JLJJLaJLfl Minl^JI fJL*J! fjj* cl <tUU 4_tdjjJI Jjo-oVl 4_^iSljjo (^jjj^uaJI 

** if 
4jjJaj 2bea^aj ^LalcVI ^ ^^j-dLuJI j-j^tv ,,.^1 Jlo5 iSeleUCUS 

j>LJLI Ja2 ^LAil u>^i er^j .^^1 ^iUJIj ^LJl oLUJ! jru J^LpIl 



djLj (j** i'i'mI^II pit It <i*i-*-VI 5 j nlVlt 33 J o U CjU . m rtll ^jfc! <jj 

<jl_£ I <j tr> t 1*^ 4 .4_jLi jJi dJJj J!l« *Ijj j-^IjjJI te^juA Liu I j - -t| 

^y^j ♦ LuaJL>> (I jlrt r ) L±LqIj jl Lj-I^-> L$lc f^l <i f j-xjSUI <jjj (jy IL>. 

jl 4jJ — a-i Jlj— fl! ^J^j mi £. — <-u t^l£L>JI (j-<a — 4X4 ^Ui J— » <jjia_5fcj 

^jjLJj . (JI>aLk^j tiJjLaj j-^a 4j,liaJ (jl mi II I JU4> ^ {f> ^^jll^-tiLt 
<j^a SJ-xikj Juu JuSLj-uVI IjJjlj^ t 4i,llr> ill ^Jl j-j^Vl Jjua-oJI 

t .\ j mi jljJs .cJl^UI j 4 r<<tl :Lqjb 

(^ry>V CjLjj^4 ...Vl^ Ly £LHl ^^jkJI 1 4 n 1 1, 1 

^JLcj . Lo Jl>. ^Jl \jLja (j7i j t" 4x.L«j>> L^JJd ^J-^JLJ (iiUJtjU ^ ' ^ ' " 4 1 11 1 nj^o (Jj 
*j mill LLUj g-1 If (jjft X 4 1 ml <~n J^w ' ^ 4*.'"^ A J 1 ^."^ t t4jj JLtSLtduV I 

tCf SHI ^jJL j^VI ^ ^1 ,„.ul.^l ^UJI cLcXc ^h*-^ 

.SjLojlII j I ' ^Utl JiLa 4-i^jo 4-i_ujLv>» 

Jj_i-^ LjLu i JjuaiJI I JLA 4jL^j ^ Ajj^jJ! ^1 4_uoj^c.)M JU-C-Vl 4^j_jwjj 
(jji (j5J .(jVI ^-Aj^ua_>J (JT ^I^ V (j_<a j iSjL^v ^^lc ^lc. J-^J 4 nit "t l c-jLj^JI 
4jj)jJal j r (jU La-^tJjJU Ij^-AJG OJL_^_ii ^j-LtJI ^L-tlajJ 



(jA j I Ml I J 

j-mu o ^ r nt (jjjJI 4 rr mi ill (J-ujUSJI » 1 inf 1 <jl jJLjJ <4-tkjjajJI 

. LgJ 1 jolr <LfejJl 4^jjjJuq ^Jbj i^jjujl JlLI eJJb ^£ JLvj 4jj^)U i h ill 4 mmI^ U 

j^jj Mij.lrw ^qj u(^_i_a_-uaj)> ^^Jl 4_ujjJlU <>J-A> t m t\7\ "1 tl ^ iA^ ^Lc 

d *\ A cijjJCJ ^I^jwLj iLju31 £jLjjlLuj^>> ^Jbl 1^ JlII i<j^_u3^JI 4rt ; ti^LaJi 

s 

< ji_uljj>JI 4JbLu^JI 4£,j_»jeja La! . ^LuL^juJI ^1 4-yiijLllj 4 jn< ulnTI (JLcX-SM 

^^jt ^ji^. L^k^I In ir>\ ^ nnnj lj_)L^ t 

.ioiij^yi ^aitlij L-ibVL 4 » ml j 4_jljJ (jicj 4aAJjX.^H ^jj^ju 
^cLdl jj *^ 4_>.Lj] 5 j A j < j j , * ~A \ j a 1 ^ ^j^SLj Lajj 4_jub^_£. <> 3 J La <jl 
^aVl ^jic ^ J jlrt II Jij ^sJ tj^/l ^yiij gl mi <i\T ~ < ^^j— cVl 

LljJlI ^j^Slj ' ' "j i-tl al ^ fc <U ^ ^"1 i <t ^ jj-j! mi ji ^ 4 j I (jyJtj t ( _ r 2j^-£.V! 

^yil 4_iJl^J!j ...jl Att jKflVl JI rt"*>t (j^. JlxJjLsti! 4-JbJI Jjinntl ^ 4-juDjJa 
lLUj (jjS La j^tj ^yifi. t^jlajJtJL (j-flJ ^ i_u^/l jj_^Jo tJ i£. 4_3jLjJI 



7>>p \fin 



CjVVI jl tlSLulSLJLl JyL 4 qj ntl CjLiJjll £h» IjL^ JjJi JJLc Jl^-jj . 2*$ !. % 

il ^jJ c*jL£ cjLoJJil ojla ^jbl (jLa <_sjuuo Lj-£j ♦ l2»L£ij 

.Jj^yi J Luil ^yLl 

t> crij^fi f ^VjJaJbM 5L_*iJJ 2L^lAji ol^Vl JU^c ^ ^ 

Jq " - kJLI fjji ^M—l^VI JjJa La >jua_c. ^ 4-IVI ^Jl_^J £jLftJ ^? 

c j-«a eilLufcj . 4-pj^L-uVl SjLtlajtiJ ^jVl (jjjJaJl CjVVI (jiuu J^->.J 

^j-a dJLA ^jia-AJ I^Bj^c JUS (jj o 1 i ii U L<JJJ -»» 5j^>»j_* 

(j^Q I injt ^juaJu^ ♦ 4 j n j "ill <Lu JLJiJI ^jLqJJI JIM 2L_j£LLi]| oWI 

it ^LOaJI oLt^>U 

. LUl) J^aj ^ oVVl dJUfc Jla ^ Ll ^ t^ujjJI 4iiJI C^yjZ 

t^l (-^ju V LuLs t 4_t£.Llauu5Vlj 3 j ^ j ; Utl cj! j iS-jjULI ilLUJL jJa^JI 

Lo L^itJjL (^-jJI tOl miUI ^JUb (jiL 4_)^H£La <LiL_uaJiJ <_dLutfjI 

tjf 4_>.j^ 4 tM 1 nj 4j^Lc CjUL^uVI tfJub C*jI£ J_5_a . ^l^LuVI j tntll 

t 4t ^Ul ^1 i^jUJl oLjiiOJI J^> oi^ J^e ^ f^y 1 0' ^ ^^Vt 

u! ^Vi p«-,;t ^LjjthlJL 14JU ^IjJi (jLs:j q Lm U 



Laic & i <i q-v Jl j_L 4_ajLjJ1 (jla-jVi ( j^a 4> . « ii r t, 1 4jLj9jJt aJufc ^jjL_>- 

^2 t^jj^ill La ^ySj-ti (jrL^. Parthians ^j_ujLJI ^^Jj "i > »j <jl Jj-s t L-jj-Sj 

pkt o _ J^LjJJ dJLjJI (jj-oJl 4jL^J (jJIj^ _ lj i^) Ijjj *»■ " inj 

...11 ^ 4_j3jJlJ! ^tj^Vi 

^j^^I Bactria L^JL^L <jf VJ 

cjr 2j^_c.VI ^L_>Jl 1 j «tj i Part hi a LJjjL <£L1a>» Ljjj_23 4 m n i c-^aJI 

JjLHI u^j-ju Vj .(j-o-B^L-JI Jrt 1 <itl (jjJI Diodatus (j^jjljajj 

i l^-jjw I . niti 4j, V 1^11 Jj)fl 1 nit ^1 La C-tflj ^y-B CjJlLcjIj ( JLx3 ^a i »j ^jlieJ 
4 jMjJi-£l— Jl <£JLoJLl Cj JLjvjj ^J^JJjLjJIj ^rio-flal < nil (j^aj-^a ^Ij^ud JLju 
4 m n rtL L^j^L 4j fr< ^j-o^Jij ^ * 4_L_u ^Ij.^ <■ fllja 4<1_uljJjLj CjLjlLLLo 

mi ) 1 0*43 4 ^p"L (j-o ju^Jtj Lu-ul <3>- 1 ^' cjv <-UL^ L^ab^jq LlJI 

Lu-3jJt_a (jja ^£.jJI ^i^J *l£>-^ 4_jjvLj ^j-c 1 In 1 iijoXI (J^J jVl ^Jt-jJIj < In i <ijV I 

Cr>j jl£aVl jLjJuV *L& j^jVl ^ c*:K L^l VI .U^jLb 4JLiai! 

<; t " < nil (J>-lj *.L2-JI LgJ ^<"X (^j^>-1 3 jnji^X,) <jJua (jJl ) ftj ♦ c-JjjUIj J^jfiJI 

£jl " , p j\ a! l_LJL>» 3j^_-w ^Xl Susa 4_^u^ < ^ 4 < j».iua Laj $ Mil 4 L^-LqI£L> 
jlaj ^yk: i5LL>.j j ^ 't 4_ujJtJI 2La_laJI C3 i£. Seleucia 4_lS4Luj 4JjJuaj tLr jljjV1 

gj, l" < n 4 4_l3 JjL-u ("<lUj . <LOJjLdJI (JjL ^L^-lL LlJ^_UJ ^Lt-fl (j-UUj 1j 4 i n <1 ^ 

. LujL 4^3 Loll 

(j;jJLjt-«a]l Li iA f^ya \j J l*S l^.^-^ <-' ^JJ>-1 4_L-0J^£.I 4j^L-U ^J^jJLVI (jl^ 

iljo nil ^ liTi < m a IjjI^j t J^LjJLI JjlS ^yjloJI (jj-^JI ^j^aLvjj 4jjJUo ^j-o ?JUj 
(j! ^yjl JuijJLja j-3tj ^^ic Laj|jJ 4 » 1 'r>\J>- till J JLju t~<-^ i t^*\ ^j^jaLvjj (j ! 
5^__iiL_j_ja ^jj_>aL>.jo Cx*_juii-i.j ^ J} ^ TV 4_i < » (j^-fJLSM 2UjJ c °* 

cj.\ ^ ni jJa 6' J-o" Cy* ^j? VI i L^J^Lll^ul SjJufl ^Ll ^jvo-^Lvjj ^ 



{JT ^ 4 j rn^X.Vl (j Jill (Jj^Jtjj CjIjLj * LaLoj 4j^jJGjs» 4 jl or Lajj ^ ■ '-^ ^ » CuL£ 

IS 

^.Jj >VT ^»Lc 4j^u ^Ijj^ L03 V n qj ^jLjj-tJij <^.(3 4Jjjj 

(V3 . jlJ-^sL^JJ (j-C ^IV it! ^j-JLlaII 1 j (nl L$J 3 _Lcl_2 L_cjj j ' - ^ 

LuLojj L«y-.l^j j ^ Ci> 1 ir>jj ^Lc ^yfl (j^JLaJI ^5LtJ-ujVI 

fl -* La J rf. jk.(3 VV ^1 — C ^^js 4jjj-La 1 o I L^ajj <"< >■ 1 ir^l j . ^x. J5 V • d 
.AligUStUS <(^j ntn 1 nC U < <rtl £_L<*J i^j^lal^xAyi (jigjJi ^Ij^jl (j-* <j-u^-J^tj£jt 
(_^>. Jo mm! ^J^L-Jtl J13VI (j>-^ cr^ A-uLoji^JI 4jjjJoIj-j^q^/I J$-flJ JlLoI 
t j 1 r\ a j t^jJu^aJI I j 1 <ilg tjjLiLJI^ 4 cl)J^jJlj (-Jj-jljJl iSj-fr* ur^ 3 * 4--U^JiJl LjJJ^I 
4 j l-s-l jJI <_jjj-_>JI cLj-)L£j . Ljjj—wiJ t ^jjl q 111 tl (j7 jxsj-&)2\ Jj>.I- 1 11 H (J-^LLqj 

jlj 0" mi O J^l LbjLAjijl £jl ^ ajj^Xalj-j^aV I 4U1m.II JL>> ^l£. 

«<iaj^u» (jJJ 4lq..^U. Constantine ^U:U...a j^Llj^Vt J^j ^» TV* ^U. ^ 

jjIjJI (jrUj-nJI JiL>.j .«4 j nU iU 1 «irttl» ^j_uLj 

(Jjj 1 CjIj^JlJ 4jj^lalj i rtV! ^^-JlJI <.j^_>Jl jjla^jtj tjAjJ^Ltll n <fll_ >Jij 

Sbj^lol^ay! ^"1 11 Vj ^Lojj j^lol^-i^! j^l ^^o . Theodosius the Great 

1 j 1 i Jj (jLoLJI ^ <3*V J " * cJoAlLxtj ((4-ilajj.jLiJI 4jj^]o!j_i_Ayi)) ^_i_uLs ^jjLjJl 

4 i tc„x.mAS 4JjjJt» ^j^^-u^J^u ^k'y- C<j>iJ Cx^-jujuoIj ' J A J) Ljjj-xuJ ^gj^t— <^all 
L-ttjLxAJIj 4_u^jLiI1 (^jIjjJI ^iajLJ IjLC L*^j_3 i4oaj>^c:VI ^^Jt L^utJj «<4,j 1 <i^JjJjVI 
^Ij^lj LljSjjJ3) JLqjij LJLLajV Ci^l jl JjJLt^^/l ^j^J ^.CjJI ^Ir, J . 4j^£L-u_»JI 



jJ^^a n " >lj ^j"*^-^^ UJ) j rut i t H ^, ir-i ^1 VO' ^Lc . 

^ g "1 Tj Jl! 4^ ml <TiU 4 j 1 nlj 1 at! SjLs^JI ^Ir i_LdLiL>JI ^9 ^jj j 1 mLuJI ^-^J 
(jr&J - M-a^ 4 1 <T« <« a It. j gjw. 1 ^ i^l i^Loiitil I j 1 ill tV^JL) <jjJU t J * t4JLuxolll 

. 1— > j) L-i.1 1 1 ^a-^-tl Ul 1 n I Jul j 1 1 1 nj ^Jj u£j|j.jVl &ujSk, < n *ll ^jjLj9 ^ ju 1 ^yfl 

Cjj^OJ t 4_2->->LuJI (JJI^jVI 4jjJ ^ jljuu C«ajO j, mi f m£jL>JI o^-aJI 

> TOA ^U. <y9 SjLlIj J^ill ^Jul \jJls*\ 

oV^I *LiJ jL_JLaj jLljil ^ j tu «U!l JjIjJJI jai t> l^-i^f *,U5 JjjVI 

^jSLlj * (jr *ltJl j^jLuoJU>. J^j^a ^4 it-><i ^j-o_J V 43 1 n ^1 1 1 4^jj»_xs cj^jlII 

jJLgil (jJoLLa ^nt^ t a ^3 ciU j J juj t J, 1 1 11 H siLol ^3 L— tiaj) 

jLbjjV jJL_ua_j4 ^Jbl i J J- » j L « ijr ic - "j tl i j ml CajL^ I n ^ »<L-a]1 <^ Mill 

4_i^J9 julj 1 j *3 Lb jJ (j^3 1 11^ t (j\jLal\ 4Jjl j "II <-j_aLoiiJI cjUa^LaJI 

CjVIj 3j>^^ < vs> CjVL*_* 4 j.u. Cj\ j < tlj ^jl«JI <J 1 ~n I 4 ml.^LlL 

.4-l«^L_u^I 3jLAj*JI ^1 ^l^i qjVJIj jLt-<a^Jl 
(jr it (j^JjjLa cjj^jlJI jjalb 4 t\7t ir>j Lul t t nlj Lj-oj^-S I JLc-iu Lai 

<:LjLs CjVLfc^a (jyS 4-usL>-j t4ojjJLI 4 1 hi V 4_uLoj^Jl CjIjL^II jjIjj 

4j^aVl 4j9>L>JI 4jL^j ^"1 -wj SjSjU oLvj'trttl JuLa l_)j^jlJI ^jL^ JUaJi * JUJl_>JI 



^jl^-^-ll ^_JL»J JjQ (j>qjl « *Q 4JL»JI dJUb ^ J J <l 1 1 ^jL) Laic t^ qlf nfl lj^bjuu»{ 
<Jst-A 4_ii]i Cxl^j *4_taicVl 5 V j n r jjjJlJL ^^L-oVt jj-juoIj . £^«jj£JI J 

<jL£j -ui>^ 5jLJ ^ cdJji^ Cilkj 4jLjSLIL JL-iSj^l 4 lj < ,.j cau-usl t^^LJI 

(jjiLUl ^Ljusji <"< tin 1 ,<im iBj-a! ts\ Uj ^tj^Jt Juij-^ ^LZ5 l^Jt 

j i (t.U (j^ ^> J ^ oLjiAt J^xjij i4j^JLUtj 4__l3^-*JI £$j-<* II c-Loj ^j^a 

^fe (jjjJl (jj! [f^V^] jj-p I SbcufuJtj jtjjjjinltt (jj i nil 1 <i it, 1 i4jjuj 

♦ 4jlUIj (jJjJt J^jIjj 'Jj g-<^>o Ijnjc?"*. uL£ tjjl^ <. ^ ( «ljmU < f K<Vitt 

^jjJLt rM.nivl S^jjtU 4JLUJI 4^JLJt Cjjj^sjj ^ c^[iM\^ k^2jyiy\ 
CjIjLjoVI ^K^j lf(<nfti ^jjjJi Utli « ( jr^^ LulII cLaL>Ji )> 4jLl^j 1^1 !ir j 4_l4IaJ1 
fjJb Ijj ilr lj i^^LiaiV! \$'< a JUJUlJI J[^>ijj *LAj« i^i-^I ^iJt t, Mill 4_l3I rtMl 
4,^,t^"ifU 4j1^jJI jLjjt (j^iSlc J3j .4^L>Ji ^^I^LmJ <bj£^o 4]Lmij ^jJxj 4^.^Ji 

^Lp^U tj^J i4\jtLa 4jjj^-uft CjLwLv L^jl t*ir L) i^%uJ)l\ u \c 47i\\ uilt oLdliifdt 



(J J) iftlitttt JLstJ ^oJj i4j^jJLf ^j-B 4-j C jiaaJt 4\^jvj ^Jj^-^V I jjjt 

Jutt i n't L>\ U^-t LijI ^i-C- JLaJ^LUt in \l\ $\ - Qj kit! *JlA ^2>£. rt>J.t i 



O^Vl^^Uoj^u' 

4_ujjtJI 4 Kt ^g^aLt V" 1 nl <jl ^jyJt t<LaL*j (jfl gl 1 nUj Jj_j^i:Vl CjL^L>ijI j 

^ Ljjl^J ^^o- L^j LLqI j VimiI ^ L>;j^ « rtllVj (4j),aL>oyi ^ Science) 

Jjrt "i 1 tjr xJt . CjLc^jlojJLI Jo Mil i-ajLT jrt 0I1 11 II CjI ri m^"t jl . ^J^L-jJU 

^j)^ nil <jl jijJustj ^ ^ r n <nf fiLolftJIj . L2j)-^Li_JLlj (3 UUIj 4 11 mlnllj CjI j ^IVI 
4 jlaloJI 4„Ai fil<i1l (jr}_J £-4->J! (^ 4_»i^_i: (jj^J Vj <^gj_Ll l.-o^-C (jmn V*ilt <±uJl>JI 
jL-aJJaVlj <jLcjJI da^JLus ^ju>1^JI (j-aj . ^LLja ('lint! jf u-JoJI (jruj 4_jjJaill 

l*JLia <jL£) . IjlIojj Li-i-ulj Jlj-^Vl i-il^.! ^ <jL£ ^jJLI Ijla VI mi'mI^TI 

jTg m nil jl i**i r VI ^3 a^JI <i f 1 JL»»J3 L_d^ujj i^jAj a \a ^>JI ^ <n 1 n ViU ^iajtj 
Lij_juiJJ I j A J J ^ 1 1 ^ ^^L*JI ^o jjjal t " 1 q] UjjI wJlBj . ^L^jLc j-uoj^j 4 jrl ^"U 

(Jl JLi-lil <.g> 4JjL^OJ t J-4-tJI L-3^jjj l^J->-l 4_>J\_JL-fl ^1 fjll i^fUjjL_?JI 

^ ^ iLuV (2r^>v>UI l)" 4 -^ ^^-^-Vl ijji Ijlj ju>o ^qj (j-aj *4Ji 1 11 VI 4_jvj_} 

t 4_^U 

t_dl VYO .Y0£5 ^AJI ^ ^) « j^uaiUa ^lill ^LaJI 4ialkJl ^l^ LoJL^ 

_ I j ( njla J5VI tfi ^^ fr^ 1 c<,?tjjj jjlgjtelt,! 4_flj5L (jl^ jtl juu cjL-uL-oI ^Lj^I 

( rtii^j 4j^jJI CiV.j^i ♦ ^)L-u!jj>. (jjS jjj (jjQ Lj^J (jriiall - LSjL-u 1- Lu T ojljj 

(j£: 4JJI <-\ •~" La f ^ LqjLij i4j 4lua_li,l CjL^j-jlojIIj yiTl ^l^. \ < **< ^ 

«Jub Jj-xu L^Lljtcj j_3c_j ^^yki 4 ijJLtl ^UjUVi 1 ^ *H ft ^jLSj o-T- < n Ul < "ill)) 
jt^.UW (^gjG jl LjjLujL jjuTo) mill (jl ^xIdIjJI (j-^J *4\j^4Jj4 Bjujluj CjIjjjLoJI 

jjjualll (jt (j^l^H^I V t4j-wilJJLLij .^j^uJLI \jJb ^3 VJ-*^ J-££- ^tjL*xu)l <jL*iu 

^ ay 1 t,l 4>al J.V" 1 ol < « 1 1 »t ^V ^j-C (^^lc 4.m tft^JI ^jixIL jjLIu (jl 4 1 nA it ^0 1 » 
<.Lul (jdjUioU 4jull!l 4oflljJLI (^jic (^J^* wl2J j .4jjJlII 4_Lau^>- JuJltkj ^ SjlcI molt 
.(((JjljjJI (^h) {CuLj l_3jX. 4j1 4jvj^ (^1 t 4iiK*itlj (3^*Iu Lu^ 4o-aL>.j tc-LuJI 4jUr 



t- o 4£Lolj_JI <JLj1_iJ d*jLSj .j» A'T ^Lc ^j-oSLj , i j mijJI Ojl?^* 

j-Aj i ill i til j in *tl (j^o-^^-lII cPL^ U - * ((* lit I £>j1 <jL£ 

4_ilJI ^ «4-Lo$ 4_LlK» (^Ju^JI 4-J1 j >J1 CjLK^II "< J-u^SM Lr u,j\Ja 

L^x^LHjj i^_>jLoJI (jljjj ^jjLj Ju4J Jl <af. I <cj_<^e_4 4^wp L-oj! 4_JI ^jjuj .2jjl^.tl 

(^jJl (( LljLaj_i_uJI » l_jLj^ J^ufcJI iLy^U-ut ^ * ' ■ ■ * Jjl (jl£>j t ^jjJLjJ 

JjtjL>Jtj LilliJl ^ 0\A ^Lc Jjj) Lb^Ljkl (^JLl^ll ^^Lj^JI 4flii^> 
5j^>.j^a 4_jjLj^_lII CjLLaj,if^ >J,I /yo 3^_u£^ CjLc jjq^jo Cul£^ * L^jIkJoj 
4 \t i tij «4^SL>Jt 4_j|j^_i. » Ci^r- i t*r>lj . j^Iolj-j-flV! jj- 41 ^ ■ -A ^jt T \ < «jU > 

4_jxjijLoJ! JLac-MJ Luv^lLo < 1 1 r> < t J 1 jl^J jluIjJI (j^jLk ^jjjiJa t L$jjljJ t _ 7 lc ^j-Sj 

gji iV 1 j^- njjijL-A 4 m*v a J^>o ^ mi ^Ji^l 4 i n i nj^a ^jj£LJ «L«SL>Jl Cm) 

.4lbLcj <"i^ i f^j^J 4_La-oVI 4_uJjl!1 JL^cVIj CjLj^jjJI ^lo* ^ dul£^ i 4 iiii njjtt 

j^-alJ.! ^fv - J v j*Lil 4 j «n*itlj ^JLftJ! 4j1_Cj ^ • ■< jjj c-iUbjual It JL) 



6uu»LLmUI 6jLa=Jl KjwViQllg fo^JLttJI 



Jl 5L*iL>JI Co) Jl fi^l injl (^jJ! o^U! 4ol. <oj Cx>J 4jMjJI S^VI 

4J-JU fj^L>- (J-*J ^jj-^ULl pg jl) ■ 1 r t4_^SL>Ji C t n <jt JL-JUJ .^^oLu 

(j^Jjl n <a Ij t i ir>? Lc^ t4 j i njjj) j *»tl <L>.t,mU (JLc£ ] <*"< to m< 4 nl"t V <t £JjLuu4J 
tjr 3 I t i in i^jJ*.! 4 U mi >! ^o^jj-uiLxa uuL> 1 1 Ju& <jL£ L*JJJ .<tjaLc £JjLJul 

.lLIIjjS/I ^Ju^o- 3-iLa Jl ^UL>Jl ^ 4jniA-sJI 4UU.il! i^IamI <j! 
fjyjA (j, tu n j}\ p 4 a\ $ a ] JIxj j-^Li i^lm^-a Jj-f 4j^LiJI J l o r Vl <jl 

iltrr jl I ^AJ^>- lj_t-uj£j ^JJ^J p ^* A I j^uajux^ Jl9j * ( _ T Jj-*JI p 1*11 3LuU 

^>>jJll) Jj^ljJ i4^ajj- ; jj Jl 4i>.^j Ij m V mi ^\J* I Juq-jc_« (jj JLojj . j| JUu J] 

4_Cj_4j>JL Ijj, 3 m> jLjjJ • * Jl^>. IjjlSJu fj] liSMUl d^yi J Lull j . jL.»jfc-a 

CjUjL^_(_4j| ^LoJUJt ^Vjjfe aJls L*^ ♦ 4_o5L>JI cuj lj I n r ^ jJI £h * 

41a" ..ill JjaljjJI I^jL^ j-^j^l J i4_JLc 4 o j^i CjIj 4 \j mt 4 j olf 

< j ^ j ^ f^gjl jjLuall j-^Jljj . 4.^-^4 4jjL£ij1 VI <t r t p^ < ii rt \Lj I <^jt I^X. Jul 

ilSLut£LiXtj dlidJI j cjLljloLjJI {jr s JjLuj c>lo m< LjLl£ r Jl^>. 

ISLuiSLiU ^ fool * JUuxV (-^Ir Vl ^ LkJL^I n-<l£ 4j>Ij ^j-^ L^la 

.(^jLdJI (Jx^oll J^jl) « J^pJI t_>b^)> 4x.jLJI CjWIj 

to 

^ * l^jt (jL^ 1 OjIj 4ij_A La^ i^jl^r^Jl JLiiaaJI JJ 4 j <<iitLtj 

*4 h i ill nil <rt*tl ^ Llj «4flj.l nil jj) isy ttl j^ljl Ja mil 4 j a y )ll CjLjLjJlII 
CjJ& ^jLa (4^jLla]1 JuJLdJ jl^ o**i « nV 4 j i.ijLmJ (^oAjllJIj CjIj loLJI 4 IQ <ri"*t4 
(4JjI dJUu I^juLj ip±s*jul\j d )lj >>>LjjU 4_i-ujJua (j-ii-Ljul 4 i*\ I j t ^ rtl mi a Jj^ju 

4 J I>»LJ| 4 MlJl^H < j r ^ 4 rf) J q Jl ^ r I (^yA^ i^yJ^jJI (JJj-U^J^jlj < JUI J j o i^ ijt 

^jL5^ 3 j ■ " i ^ Cjl^-iibJ 4 tr>L>. <— iLa jlt a ^jjq 4ig inTi I ^ r ^1 i^i*4 (L^LulSLJLtj 

Lbjjo jJi 3jliJL_>JI 4^jj rl *i j All «JI 4jJoJu 4 cLj 4jIjJ JiC OjIj 

"i^t 4^u^jlII 4 V mill t^ifu^-^Jt (j^ij-^L^aj n j > <^ujJL>Jl ^^lo^L^Vl 



*6>.n,^nn 



Jju JLlajlaX! 4 rtjl Vlt \ <i y )<* 0*jLj iiotj t« _>JUl11 ^J) ^|>.jJLl» A J^J> 

^-A >J^tj t^J^Ldi ill "ill (j^ill ^4 jl JUu ^j^.jILa j $ n il J)>- ntl (jr}-t>- 

JLaj 4jjJlL£LujVI jt 4Jojj-oj ^Jl j^Luu L<uj *^Lu^JkJlj 4_ajLj^-j_aJI (j-O till i \ tyj 

# - 
l U> ' "J-^ J*-^ * ^ .n "i i ii a J-4-«JI J-ua_3j , jljUu j^^lStl JjLc I aj <f 

3->Lc |*J-2lJ <jL3 *4_LjflJj ta C.VI i^djl (^jJl 4jI£^j1 (jrU Jlj_vjJI jJb (j^-O- (jLS 

J*-^l O^J .(j^H^I ^Aju ^ jt 4^L>-cJI <-Jj1 ^u^hj 

4adtjJll (^-t>> ^o£L>.| J^j . 4jJ£ji^5j 4luL>.t^JL ^\1>. ^k I fl$l if (jLusjJU ^j^jj^j 

j)ln i njl CjI—oIJ^a £j ^ ^1 4 j '^LjjJIj 4 j n Kiirt^l jljil 4^^-11 4LiL5 

jjl>.j iOjts\c Bj^tjILo dull^ ^Ul (j-uj-LJL^. Jl^cl (2^-^ * ^d>^ 

^LuaVLtj . 4_ijjjlJI j! 4-jjL^ulII 4 i ii <i r j L^jkjJ (J^aC 4jIx ^1 jj>. l^La 
cllJ Jl^ .(jjj^T cLjlLsIj JoIj^ojV t— iLqj v ^j i'nW 4^Ltj] icltLa^jJiil oJJt 

*frLwuL>Jlj i^jjuaJI 4 tjjtrtj t^^^*^^ * . (jr^ S '"^ I ^ m.i (j» l£>^ VL«£.f ' ^ ■ 

<i flit ^jJLSj pj& » o jISLijI 4 or "wlllI 4-ajjjuII 4_al nMI ^ JL 51 

4jL^ t3jLcw (jQJ) i^i 4jjj^juall 4jkL>JIj 4Jua LflljUnlj . 4_uL^ i.ntlj 4_u^jl!I 
Jlj>. I < I g iji 4ljLaXfj 4_j>-^-j>JI jj^J 4jjL_2_a ^lc. 4^^L-cj f 

j <im ^n-i>» . 4^<u>.j-lll <: JuJI <JjJa tjLiILcVl 4 rtll ^ll CjIcI j^all 



(LtAlLufUl 5 jUoaJI Sim Vipllg fo^laJI 



dig i ^j^t t4 j ilr> LliLcj^ud^-A ^yifi 1 ^ ^tx» a 4_L_x-o"^l <i r VI ^ya IjJuc i—aJf 

i4_j>. jug ^ lr ^ j mt I ljLi£j ^jj^yjwjJlli ^ -wt jlsj .2Lflj^>JLt LljJLl^ (j-o-uLollj 
4^UI1 CiLL^JI JLc jj^( Lm^.U jl4>J! lS-OLJU juiUJI u^il ^ 

( _ y iJjj9 J; I SjLi^yi jJL>0 * J)U i njt ^j^-»Ioj CjL^>»j3 4_jloL». tCjLfcgJ^Mj 

4JL-uj^JI dUj JjLja J Q^J »>%ltt dJLA (^aut-jJ l_>I Ijufe J ^Vl (Jj < ^ n\\ 

^ 4-*£L>. 3jJ^) ^LUI pf^JI ^j-aVl 4 jlVJI o! JLaj tlup. ((juJjuVl 

^ d^LSj 4-LLu/3J l-jLL^ i cr^i-^ lt^- ** ^ 4_t_2£La j-^_>- ^V*\ 

pd" ^ ^ A 1 ^.U^f Jl3 ^jrtx-^-j-llI (j! t4^1 i ii n i^A j^wjVl j J i (i ^ "ill ^jLfl ij^jJbJ (J^ 
5 j ~ Atl ^ 4 <t ^11 4__}_ < jJjlI1 JLq-cVI ^a-^ cJL^ Lluj-aJ ^ > * * ^Lc Jjl^ t > 
^1 Cjj! 4jUjLdVl 4_uj_tji JU-C^I q\ l^lc^j 4JiilL> 4^.LU 4 m ...mI^TI 

^ylc. I j '^j (ji <tl mil cL<Jjl]I (jL-B i 1 ^ t j i 4 i 4 j <iltll ^ioiJl ^j^Joj 

^yAj^c-Vi jiLiJI ^ L^>* L^cl^o ^JLxi.! cajI^ (jjjJ! c-j^jJI ^_a5L-uf ^1 SjLiVI 

,3j-j»L^<» 4_iJajjX.Vl Jjj-oVi ^1 djLiVi {J* jj^i i^^^L^VIj 



CjI j udLjjJl uu_) t2>d>^ L^ 1 -*-^ ciJ_)l mi *i 1 1 

.y-.n,. i^i c& ^ (+) 2L^^yi 

aJL. *JI I ^ <o ^ (j^LlI llUj ^h^j ijjjj o ^ 

2LilJ1 (jja t a Lxsl it jrtJj^LjJll j, m.LjlJI j 

'-I n *■ t4_uljj < ntl 4_illl 4JoLui^j 4 j 

A t $ 1 1 4 j ' " ^ CjI <if <«^U IS • — « 

LbjJ tjliidl Jj; ■ .4-ub^VI Cj 1 j < >> LjjJ I 

«CjLtlajiJU »j « <J V I » ^jLt^U 4_u^c CjLqjv^j 

« cj 1 Ujj 4.1 | » <r ,"i,< iEuclid (j-oj jJUaV 

« j ji >JLI J_>JI»j «3jjj >JL I 4 j i ti 'i II »j 

iApolloniuus of Perga ^^^—Jl ^j—ujJ^jV 

• ^fUVjJlLt J <_dJJJU 0_LL*aJL i^jJl ^ 'in 11 



^LjJuII i-jl Jt l"r» 

CjI j uaLj^JI ^JS 4 — o — g — * 



c-il^Sj iTheodosius of Tripoli u ,,ii;l j^LJt u-jjjj N j ^« 
Nichomachus of v J Cr A J ^>J\ ^j^Lx»^_S-_jJJ <oj ttt ^Jlc ^1 J^jlU» 
u>*f cr^! tMenelaus ^j^LpJL «j^Vt» 4->l2Sj *Gerasa 

•^Aj tiJtj (jyjt u^LjjJI j jjfel Mt a 1 o a j j r j Theon (jjljj Hero 

^ 4 ^L_>- 4 i o Archimedes ^jl-i, <v, n.jt u k>"*-±$ . jn^> v , „y\ 

I sjs dft sjt I £ 

i^yAjj^-cVI (jjjLU) J \ \7t "iti tj o mi J — aA 3 ^jjjoj—fcjjJjj! « Cj U-a Jfj> V *»J 

^ j 1 1 1 rtitt t M llUju 1 ni*\Lc i<L_JljLj cj\j~-iJ>- tc-jjliSLLij ^ ^ <i Mitt 

^ufe I cjr JLu-j i-uJl ^L-ib-LJI j jlJ} tuj - (J jLj ijr 3 till aJtj CjI j ir>LjjJt 

^JbJ 4 j a\4 .^yi SjLuxjJt 4_j ju^jl oL_j_juoLjJI J I riV>l 4 <r> ^ Lat 

mil ^j-fl njl*^ t L-4j) a r CjI j iXlj^Jl jjJou ^3 4 o i iiL>. 4-^.jJU a (J^oLc 
i^jj-C j lm a 4jtj^J 1 n i . ^-tL»L«uSn Jya I ^irt jlVyj L^Ic jjIoj^JiJt 4Ji jl 

(^jlLa J^-j ^ YVT 4 If ii jtjuu ^jpja miU 4^_tL>JI JoM-j ^t jlBj 



y .ij^* JlSL-lVt Jt^t ^ c.rt.jj j_^Vt ^3 ^3 4 V;t t s,_£t : >-^' (*) 

Spherics (^LjiLIt.* 

<Jf 2£> J3j .4^j_lnJ1 4_uLjj;J^ ifll^It ji-dj ^-Uvt Ojl^j ^LJU. J-JjVt ^) l^J^" ^^Lq^^u jJ^ (**) 

.[r*>->ilt] (r*- UYY / Jb >T^Yc Jj ^ it jru^_UJ jb tV>t Jf j^^^Ut jj^t* 

i^l^SjVt jl iJ^juaVt :*_jLjSLH SiyA i^dj^i-t ^yJ] . . . . ii <J iul.iAii"i nit \ j t <t w^niitri tut* 

^j^_iL>uVf (JjLUt j 4^j t _i - aLic. :4_*^_>-3) j iaIc, i^^^-xli >hal1L> 4_iiU3_Jt U J^i ^j^-j-i.^ 

.[^^Ill] Elements i^tlSJt 



CjLuaLjjJI 

- 1 j " T «-*J^ j »>>LjjJlj ^j-^Ul CjL£j^*j 4 nU "U ^ <( juajlLlJ|)> 
VVV j^tj cj) ^jl^HI ^jj! llLIju a^-cj iSLjjjjJI 4JJJI ^1 j^jJtl Ijla ^jJu 

^g. \ A rVill i rtn"U jLfllLcl (jLSj . ^ V^*\ JJcj Cj) J^jLio (jj uj^_Sjuj j jL^Jewft 4jj1j 
IjLA JUp V Loj^£, ^LujjlJI jjLuaU j£A t(j^->JI dJj ^3 Iju Jl9 <4.jJ i^ll |»Ij9jV| 

tSiddhanta «L1jLa 4jjlJl$JI 2 ^ K 1 1 l-<— jj-ju « jL_LfcjL_L_u)> 

jL£ La IjJ (Siddhantas LijL&j mil »j aL*^o ^ ^1 4JajJI 4_^.j (^Lc <-Sj-*j 

j-cuLJI (j^^il <J^jlj ^jjaliiJ! Q^-SJi ^->-ljl 4_ujjl!I ^1 ^*^p iS'^ J-^ 4 1-ij^-j.a 

jjkIj^o ^ I 4_j_±JI ^jo iriTi V 2Lj_jj-jlJ| CjLaJJJLI (j! ^1 3jLiVI jJLj>«jj .(jruJ^-dl 
CjLj-l^Ljj ^oJLc j^gV ^1 t 4-lTij^£L<-ujU-uJ I 4jlUL) iCjLjojJjua jJLl^jQ jt i^a-i (.gV j^Ju 
. r n n (ill 4jlULj 3jLlC <_g I ^ 1U a J^fuIu-uJ Vj t ^ JLufc 

Ljj^Sj I fl* 4j JlI^JI CjLljudLj^JI <j U Sj^judLaII t IjVI jA^I ^-ua-OJj 

*U ,,.jS?I jJI ^IoLLq ^Jl I j TJJ- 1 " <r '^ i-ujl t « (3_>L_«JL£ < Ml nil ^_Lc 

. <Llx-ujIj3 CjIjJl9 j 1^_Lq ^ j X j JL9 (JJljjIj 
- d j i ^ CjLcjjusj^o (j7 j3 .It 4_iUij I j"^ JL_>o fj\ UjjjLJ itla_>JI ^- j ■ 

1 ^ j'^ j (jylll 4_jjjtll cjLAIJJIIj cjL*j>.jJ1II LjLu cjjAjJLI ^^^^jL^JI ^ 1 1 lla 
c ^JLc ^1 Jj >u J_3 «dl tfuJi 3i o in 1,1 4 j<l n ]\ Jijl jlj*JI ^jr> 

t^LjujLaJl II ^rn^il Ijl£[_AJ .4jjJtII ^^Ll!I J->0 ^jl^ ^11 d a, t ^. " , „|j 

(Jj**- " < nj J-*J ^g, V i^ll ^JjJI J ^Ljj-jil ^JLftJI ^j-a L?e_Jj_i3 ■- j,, i.A.) Lxi ^^ic 

.4_i-aJL>. 4_l^ujLj3 l-SjLjia ^gl (J-t-aiJ 

4_j_b^ sfcJLl ^gjLJLl djub Ijj^joj j lr tjl— t^j-illj -jj_i^Jlj (Jjj— cVlj 

^j_i_>ij 4_<j JL^JLo 4 1 j i <ij ^ t t^l ^gjJl CjI j iXLjjJI ^Jj 4-bl nil 

. c-l j ' - Jlv ^-Lc cLU j djj 1 Juki 

j«ij-uVI I juk tl^j .«4^jjlJLI» glijLaj - 1 "M *. > ■ - :4jjd4J*1 4_iUI i_3jjtja ^(^1 :Sindhind jlu_o (*) 

CjLljJsLjjJI £j^al_at>a 4_ijiaj>. dll&j .^j-stlJt t<Ac. ^^3 *_)Lj^ J£ ^^ic JUlj La^fl (jJia I 

i_£jLL$JI ^cJjlJIj tiJLLaJlj CjLl^Lj^I ^ ^Lj^-Jl ^JaJI ^jI 1 1 ^ J*- ' < » j j .^-uVl 1 j-4 J-a->u tilidJIj 

.^^jv^ILLtJ (JjLlu £->-j^i i^^fl j_OdC r^Jajl) ^<uJ^Jl 



iC-tLui^Jij JutL) 4l ir> <i <a 4_alaj1 4jMj ^^d^Luil UJ? °^ 1 nil ^jj j i^Ij^JI iijj 

.42jLJI 4uJajVt ^ J^>« fU*J 4jiLuJLl gUUII JUkI 

(jl^ LaUaj < ri 1 r^j CjLluoLjjJI 4_Uj-tJl 4_iJUh ^1 J^>.^j Jj-Hl <j£w«j V nil! j 

Jjfcl l_-uL>. jj-* J^j_oJ1j jLa V.VL IjjJlx Juu \ oj*^ 4-JUj>o 4 1 fiL>. Sjj in) !>Lal£Llo 
4 j ioLj^JI cJjjLtU ^^grr a ^ljj La 4jI t^jjvVL tjjSl ^oJI ^t j tr>\j . L«.j <!■>■ 1 iVi-^VI 
^a\j^ljum\ Ls ^ Ijlj^l I^jK i ji^-jjuoljpl JjuaJs^f 4la£L Lfljjjjua <La^ljILU 

jjJlSj t jSLcja *4-^-J J <n<M (^yi^- ^J^ljOJ ^-jusIj-C-V 4j_i_uLitl 4_jj3j-*Jtl ^jLJLl aJLA 
JJt JlLc . jLtjL 4i±L>JLl 43>llll 4 ^ tViVl <^^.li Ju>- JUljI ^1 L*jJl9 4jj ,,.1,1 

^2>jJU [jjjjw LftJ^JJ L-jLt^JI I JLA ^ JLflE* ( n'l tJ^ftjj, Lxj! ^JLl JL^toJl ^ « 1 M 4 U rt ill 

Ij-ljSj* iLuaj£. tj$\ ^Jlu CjLOIcj LaUljl i^jIlm \jS t^.<il < nil g Lo.U ll 

.4jj-±3J| CjLaSJIj ^L9jSM CjLo.K i j-uu La 
t_-c*Jj iSj-j-JU ijLajl JuU ^ m" < nil (jjuLuaJ! Ij..aj„ Vt^ul (^lJLjLlII ^jl LJiJjjutll (j^J 
4 t i^tl aLjSjV! ^ ^jVt «3j inf )) JJUtJI 4jjjj <_£jJI 4 mil) JjjJI «QJ*< '»» JJUtll 
1 ^ j , „ T\ ( ^ JL>JI 4_lbL ^ n**i < .Jl ^Itrt ill jIjI JIjj ^(j * muJI i m^Hj 

.((^fcill (Jj^-L)) JJSljJI (jr^ 4_U^-3lII 4J_5^LlC JU>-|j ^\^lu JL>- (jic (jh call J (iLajLdJI 
^LoLt.aj nif JLxl <U *\* JJulJI ^jl ^ i^Jj ( n ttl ^UaJULj 4jjLH-« i^UaxJI 1 Jut Sj-tjoj 
JaUs Cj>ULua 4_jujI 4J ^ * JjutJl Lxiu *(V ^0 ^ Y ^ * A *0 4 i ( T ( Y 

mi».1I Jj^ 4_uLLaJ^d*i ^Uall L^jlj SjJll cJJt ^LcJIlojI (jSUjj .(^ * t0 ( T i)j 

^IjIoJ Jj^ ciijj^ iSb^jixJI {yi 4j < A jJl oLL*oJLi Lai J Vr ml J^j-uI OjI^ Cr IiJI 

(J Jx, 4Jj1j 3jL^jo 4j( jJ-jj (jy jufcjJI c-jL-utk]! ^jSLI t(j-<wJl 4 4_u£pSj*VI CjLu_uL»JI 

j> 

nJ,jJu*l\ ^\juoX\ ^JX. ^n'mill ^LtalJI ^ Juu 4_^_pta-a]l ji JLcVl C-ul^ J^j . JL>. 
t_£lj^_3tj (JjLljJI JJL>u OjL£^ 1 ol"i a SLu^jiJI 4jJL*jV| L-da^tJ jljucVl JJljkjj 
4oj^jJ1 c-3j^>JI OjI^ .4_mj^.VI Lfl^w ^jj^ igfttlj 4juj^/Lj i^J^Vl 4o>aLJI 4jJL»jV| 

: jl < imII ^1 (jr^-c-JI U ju t 4_jjVI jo^G jij^ i^iitl I j SluLqjJI 

pi ^ 4_Ll_Li fjj-Aaj jj T • * * j Lc. ^ * * 1 j J-j-i ^ j Li t^LiLa t \ ^ j j, jJI Jjl dj IjSLaj (*) 



J* r i j « ^ £, 



Y 1 £ 



1 



1 



♦ * v*» i * * ri * * >** i * * i * * »** 



f JL>*lmj) A-UjjJI 4jJL>uV( l^j^>- : \ _ t JSL*iJI 



J J J in u l f . 4_Uj...tJI <jl JlLJI (^^JtJ ^ V , „ j 4j! VI t4_uL.ni "kJI 

*— 3jj >. < " i \ L£ LJLj . 4 i <i . <ijJ I JjjLjjJI (jj— a__JI ijl— j II 



.(*) \ JL + i + y. + r * SL^jliJi 



4j| JlJI c_»L^ 



I JL^J i-ajJoj , <Ulu_u3 . i^Uj! j! JU>.lj : 4_ju-uJJI « Jij-SjJI)) JL3*I L^j 4jlj j-a JS^j 

i^SLl .Digits «^l_3j^l» A j-<; mi'i Lq (^Ixj c.-t i <^>f j^Lc 4^qJ^ ^Lij ^o^-^i 

Lit 

<G_>JL»j9 4-3j^Jo j, ^tnlj jjLusVL l_jL-u_>J! ^Uoj ^xcj ^j^I < I«>h i tiJLlA 

^>L^ Ijt .JLill J j i mi . ,t rtttlj (joiLi-SJi ^Ij-jwi 4JVju j^,- u t<ll 

^.ovrvo oo to To 

^yic j all J^yi j m< II x Sjj .^>IL~^ >*«£JI (>c j j j t"<it Jail j <j J 

V ^ o 

Y 



(j>c j-j-jljj < ^ mi r j ^ * /M i^ctJjJ Y/M t [j a m YyM n"t\\ jj) iX H 



— + 



j i 



I JLAJ t mJJuL^JI C-lLcojJI aLI^jJ (jUjlJI ^» j.<^>y 1 L-jl in^tl ^vUaj (jllol JLdJj 
JuJuv ^Uaj Jill J , lit ^1 ^jl ^ jJl j-flVl i mtl ^ItrVill j_«a 4_lJ3 3jLi_^Jl 

*^Jl1a <— jL-ojc^ <JL}^ ^ ^ ^1 'IT* gl mil vLaJ-*JI f£ Jul t _ r l£, tfjJJ-LaJJ 

. ^ *\YY 4 i in Ljj-^j isriy^ iy* Severn s Sebokht Ci^jimh o M S>i3^ JJ 

4_)i *<^j t ^ JlI^JI c-il 1 11 "kJI (jx. c. «**i^,j ^ I ( n-fl ^JLc Jjl ^jj— fllJLl 4 n jl-^sJl ^Lf 
4_illL 4_^>.jJL«s <_ (" ^ 4_i_)j 1 4_La Vjb LujJ -j_^LI t n n a 4_u^_*JL l_jLojl_>JI 
pi t " . .A jL^j * (jr ojjlj-^>Jl c-iLl^L! 2L-lj)-j>. CjL^jvjJj L^jI ^<u2,jj 4-_jJLu^UI 

Alchorismi j! Algorismi 5jj *MI ^^k: (jj-^jjI^^JI ^-<-oV 4 ujlMJI oLjjwj-aJI 



ji j) t3 L^jj (j-Ul l_>LLj)U ^11 djiA (j^a jjL-jj^ .Algorithm «4 j ^jjij-^JU 

JLu^jJI ^UajVl jJjMId Cr A m.lII ^LajVl oJL^j .ujjJU! ^ i£>^tj 
>yi I VI ,0 jA./i lt J^i j.* \ iA *V ^ ,0 4 £ t Y i Y ,1 :4o)UJt 
jJLa 4-ojj-JLLI ^Lj3j Lot . 4 iM<i'i ^2>j-t U ( • ) 4_La_al^ ^j^M Laj-q-C t. j^N j 

1 ,2,3,4,5,6, 7,8,9,0 

(Jj t^j^l 4 qfrnl jj-fl t <vj ^LtaJJI L-oJjJLl m£j3) '-'-^ i4j3_5j SjU^cj 

fJLxJI ^Jl Jjusj 4jV LiUj t j-j_>Jlj (Jj>n f I JL3fcTl cul ^-jM-J 4JjJl.«" JjUw 4jJ 

£^0 4_oj_iUv 4-dxLaj ^IojLo d^-^tj j I ^ 1 (")■%■ 3^_t_<i-l I 4-Tu.j-A ^^ic ^jo^Lu-uVI 

Luajl ^ 1 n j ^jl^ jjj) \ 1 u 1 1 A mi L«_^ «^jlL^JI <-_)L*_tt_>JI » ^jlJa ^3 (j-aj ijLj-iJI 

.((jLJlII <— ji 1 nJW)) 

C<A.rJI jl ^lu A^JI ^jJJI (j^ic jl .j, til t j^o 4 n j °t j 4 j U c__j_ouU>J1 ^ _uj 
CjLJU-C CjJuqJLcIj »4 ioLj j I (^JLa-a ^1^) ^ilj^*J 4 jlr c-jIISLjj t^j.Tt 1 ilII 
^l^jVl ("dt^w i In f n^Jl 4 tj.tU i^j-j>-l J-^J J j5tA (jr^- 1 11 *kJI 

4 j i iiLml 4-ojI 1 11 -w Cj\ jl^f uJ^L!u 4J!La1 c-ij 1 l-2ij^u 1 j\ f ^lln ill IjlA 

: 1 jSIa [jjVl jiJulII ^ ^p-Vl ^£jJI coo ^IjJl jJl-xI! 
YYi 



0"W 0"W 0"W 

UUU \A\X\i U-Ui WMYi 



o"\v tnv <nv o"\v 

5jl>-Ij (4iL>-) ^-Pj-* JauiVi j in i nil LhP*li 

UVUi umt UUii 



cw <nv <nv 

uvv*a ^ 



<>• <U£ = VYA x V mW"l 

VYA 

Yo 

(UO^ Hi • = x VYA Uo'WI ^ 

YYA 

(YW <y» mA = A x VYA Y)^ ^ 

YYA 

To"W 

(YYV\ ^ YYV\ = V x YYA YYV \ ^ 

YY^I 

* t3W iy* VolV ^jL_uj 4 <i i ri <i 1! ^jL>- * * 



K inlLuUI 5 jLiaaII ^ SihA'iqIIq noiail 



:01T0 



(ol ^julU ^ jll) i \ = V x Y 

V 

(U = YxV) VY0 < °^ Yo 

V 

VYo M 

u 

(YO = o x t Y* = U x 0) 

YO 

YYC M 

V* 

YO 



^ I < h\"t V a <j j_Li _ ^L_1jC — L_><3 J. t c. 3 J — «J I \£j ■ Mi-t T 1 ^ J— >J I 



iui 

•"WW 



* . • ^ ft 

4 ">rt^j 4_i j ^ ^Uaj Uj^>» L^l^ (Ji^j ^4 j j mi i U j-L-c) »1 o i jIjlcVI 

* 4 J O^L^uVI 3j)L_L^S_>J I (. \ 4 , a J\ jiy\ ^jLJijL) ^j^laj 
1 «Vnt <-£j-C 4.U ]j - 4 j ^ ^ *< " U jjjL_>Jt ^Ij^ir 1 ( < n J J I ^ ^ * • ♦ 

J j >J I J £_j|jJI J JL^>J I ^ " «»1 La J ^)-J J ^1 Ol j CjM d « 4 

JjI — l^JLI ojla l-^jj (^jlJI jjk S\ XX lIj) ^L_j_>JI j — o—c ^>SLJ t u I rVl 
cjLjljjJL! 4 i_utjjLj L_S_pj LLal—uj I J I >J,l I jut < U j " j I j ^Qj <i 1 mi U i — 

, II ^ j_Ll i ^- a ^ J Vi m. ~\ (jr&3 i4jLst_lLI J I JUL V U 4jj t i,it| 

4_i_<ubVl 



:JLjJLI J j i m i 







\ • | 








n 


\ 





i^jjp^xjj : T _ T nit I 



(j:jLui-j i a aj, ijiS I jj ^jLLstiLa \ * $)\ n t * ! JL2j^ 

> + Y + i + V> + UY = YY* 
\+Y + l + 0+ >- + n+ Y*+YY + £l + 00+)>» =YA£ 
. YY* Jjal^c j^jb £JI ...i )) • I <i.m iYAi J_a1j_c £JJ MY ^SU 

(ju* l_j = + Y L>U 1(0) _>. = (> ut_j + T L> ii 1 ( £) 



*. I c-iLiSUI u'j^- t -^>LI ^-f^V^ 1 (jJj ^j-^j 4L»j>J! <? jut, (*) 

.[^jOJU] The Book of summary concerning calculating by transposition and reduction. 



1 i 





► 


^ ^ 


^ 


JL 

w 








JL 








JL 









\ V _ T (J u/ Y = 1 * + Y"\ _ y (JM *\ 
^ r\ + ^ Y = \ Y + 1 • + Y Lh y 1 ^vJL) J^3 

^ n = vy + ^ i 

Y 

J* nj 1 a t La J_>- ^1 1 > *U ,^ ^ f^— «1 LtJ ^J—u ^V^IU 1 £>-u ^luoLallj 

Jij-usl ^^uSLju ^jIj ^u-tTLfi iLiA I ^ fl, \ V( . n't ijr jJi 4jJu*lj^/I L_aa^j>. jj^ <al < nt,l ^ jit, 1 i <n 
«JLa» 4 gK'^ jl! t _ 7 JS Sjnta 4_j>JLt>3 t _ J 3j 4jjL*U1 O^LoUJJ j^l>JI 

aj^^il a.i.a.01 ^ JjOJ }L^! oxjVIiiiI [Capital ^1 L^. (JJJJll 1<k->>s] 



T (V) x 1 +^(V) x 1 + T ^ 

: ^^Jj L_« ^JslSo (Jj>J ! I J & i 4__ia J-_5»J 1 « -»JI j ^ — 4 I ^1 J — V " f mL 

y 

+ v ='(|)^ + (t) xU ^ 



^ ( A )xi , J|/ = A xY + 



o'4 



r ^o.Yo + r^/^ 



ilfLu^UjJI 



t Y 

. > V _ ^Jkj jJwVI j ju*JI Ji£l ^julH J lilt I juk <ya er*Ju' 

*j^>Ji 4^>.jJL> Robert of Chester (j^" mniU cj^jjj pUa p H i o pLc <ya 

Liber algebrae et <j($ic c^_>u 4 j)/>>UI w ^jjlj ~t t - < 

(jjl Algebra «j-j-j>JI» 4 <;K JLo-jjI <jL£ JL>Jl 4-jl_l_J^j pj <jjsj ialmucabala 

Ci) ^Lae-tlo (J_aL^ pJL*J1 j^kl 3j-Ljua_3 BjJLdJ ^^^jjlj^Jl Juljj 

4^mJ& CjLiL^lJ jIj^-Lj crrL?^' J-***^ J^>^ Cr^ ^M-^ LfcH^ (p \X • (jJlj^ 

J^Olj *4_ijt_u j> j CjVjIj^ (jJJ L^JIjI^l Juu i CjL^jJ CjI j CjVjL*^ 

i^jlII juLJI <]>jI» p-i-oL u_aj^_t_l! pJL*JI . 4_lJLj^x.V! 

4JjL«J11 (p jt ^) cj) ojUJ! jit.^ t> ^>JLi jrUii^aJ 

pj_4-uj (jJI 3 Ju JlC 4_lj_u Ju-A (JjI i (i 4 JljJL^V (j-oL-uS?! SJLJJL>JI 'A\ C <.rt to V-^ 

^>-uL>Jt jjLxit ^^Ij^-ojiJI , ,.1 t Luaj| . 4-iIoj^it^Q c-j t^> a 4_La_4_u!^j 4_u_u jLuii 

JjoLsuj (jlj i 4_t_i I 1 4j>.jJl!1 jjjd 4Jjl_M (J^tJ tjl (p ^ * Y ^ j .^-p Cj j p^j^ti 
JL*£.t 43jjj pLiJI jjlilll jjjj , 4 i m aL>J| 4-^.jjJI (j^o 2Ll£sLv 4J 



<LudULujUI SjUasUI \gS &»> ViQllg p^JLaJl 



4_JL > k_> 4JLHJUI 4_j>jjJI >■ cjV^Ldl cj^L> j-j-^ (^jJl ^LlJJI 
Jtjp V dJl^ 4 -i.il ...11 J>UJ! L^l .aJULUl 4-3.jjJI <>* ^VjLxI 



J> 

i < j " Mi^ Luaj 4^^111 JLa-cS/i £>Ju 1 JjJlS l^JMi- l£>^ foSP^-^ J f " f 

j-aiL*JI upji) ^jj-j-Jij ^j^jVIj (ep^LJI o>^l) iiLn*>^ cr^l 

j j "V»j ((^jM-JLI ^^L>Jl ^j^JUl) ^Ll^>JI ^iqW i(^j>LJll 

^yJj ^V^t JL*£.I C '-q->>J JuaJ .((^J>LI1 j.M.r, cJLUI (jjJUi) £jr Lxj^IaJI (jjjJl 
(3-lLoj .4j^iaaJI 4 <« \ ^Jxl IjljCUi dj-Aj^v j edJLaJI ^cl*J 4_u_oL^Vl 



«4 in, \'t<%» 4 <>K j! 4^>jjJ Engineering (4_lUj»JI) 4 j 5j jUMI 4 ti^TI (jj-iL-a 

4-o,jlL$J1 <^-<juu 4_1jjl^JI 4_ujjlII 4jlLII ^ SjiLc ^ jJ^Tl. .o j tn\ < Geometry 
■ t~ * a ^ ..jt .5 i > j i i * a j ^ A 5 . ^ , „" , U^tt f j . ^jjkj t Engineering 4 t 7t j j Will 

La^j^aj LfcL>ol (jjiSLau LgjV £>^4i *U ".'^li ^po^^iU ^1, <\~t~r a IjjLua^a LfcjLlc.Li 

<j? \*iU ^-j^uus i Applied science ^ Engineering 4_l3_u1»I]| 

Lr Juu V Ijla <j_£J iScience ^LlJIj cjL-^Lj^JI ^ j—Vi < .m 2hn ntVitl 4 nuv^ll 

SjuJul CjIjL^-a dJLl^_b <4j oUlt CjLi^uaj3&lll cilllt J)j .' J^>^E_<a 4_LdL_u_u L$j 1 

* Engineering structures Ajnijift cbULiujj CjLi^jj ju_lAjj ^j<i <^>"t 4_ajV 
.Theoretical science 4jjJiJLll ^^LtJLi l$j 4iuo V oljl^JLl llQj ^kiajj 
Practical geometry 4 A ^ »J1 4 ^1 r <-_Jl>^ u- 4 J^li ^L*-^ 

JjVl :pl j «< * L^! 6^-^ (jr^] 2uKs .Measurement 

£l < ii „<a cj! jfii" (jr jLUIj i^jLju^l 4__u^yij J 4 <i in -^Jll JilSLju^lj m tl (j-uLx-s 
^jLill u ; til Lai t jLjt_jLi [1a JjVl cr lxX\ j j.:<-*j c^^-^j .Surveying ^^IjVt 

«4_>-l niU» (JLa-C.1 CjLjj ".jfc^o jjl v ^_iIiL«JI ;Jjua_^JI 4 "1 i^i ^iLlX ^ps^jtj l ... a 

L^_<lJ_?CJ>.J ^JK.loVI C— )L>»1 < n 4 C-ji m^t Jl£,ijj9j i4jJU^j4J CjLI^^^La 3jLc * 

.4 jio f Cj j ^.j ^jjjLcJ LjLljvI 4-sLLbyLi i \ $ jlr 3jij_>.jJlj Jl jJ^Vl ^c-^tj 
(CjVjLjiJII) ^iinll 4JlI ^JjJ ^j-JlII ^ric 4_^il3 Sj^a .1 j <LH1 c_^cj] 

:3jU Jamu ^j.m^ rfiU oUa^.^JLt (!) 

1 <j <7 ji? ir>"j 1 ^ <i '^>JJ 1 (j "i i"t Ai_La 4jjJLLaJLl 4 i Hi t )$]\ JlSLtiVi ^ ill _ Y 

. ^ul 1 $ 1 1 >»j j 4juLfuJI jjjjLxSJ! CjI Jl>.j lJijjjlj - V 



i(-_3j^tjJLl q^-*-^ 't>LJ»-U t J - iU" miU ^Lud^/I CjLaiiLj - \ 

<*jLj3 <£>L^Vl duihs^A it j^L_Jl 4jjL^La *£>L^Vl 4joL_u^c) oliila _ V 

•(\iiL>M i4jjtjJI SjU- '^IjJI 

.alalia 3 qfrTiia :(LljjJtj £^Ll*>V1 oltli^a _ V 

<L>J > i<U J i^LLxB i4jtla3 t£^Ji1 J cJu-aj) 5 j ^ 3 %Ua ^ _ £ 

t 3.ijU*i.nll Sju^Vl *3Lu^AI <JjU!j i^^j^I iL £j>UJI) jjAilt - ^ 

.(jlkijl <^lUntl t 4jtk^JI eJu^) SjiLlI oLcLLa3j S^Ji - 

. 4.Q In "til, \ A i j 2Laiaaiii ^Ltut>.VI - 1 
J>j JlLa i5jLi-«Jl ^ Sj^v^JLl < liHo 4_i-£sLv ijjlj^i ^Luuvt - V 



J 

* 



CjLudUjJI 



<ya (Vll nil fJ^j) ciil MUI ljLol^ ^cl^. ^Us ^ jJ! ^L^Vl ^L^ 

« LuLfc, V i <i tl )) c_)Li£ : (jr A (JL<U1 1 ^ATl<Ci a 4_W^L(_u^l 3jLja_rsJ I j trtC 

ij\ VI » (j-^J^r! 'jl «j^^M» c-jLhSj f juj ^ jl U .1 U i d » i— )LT(_£j i ^Ju^JI 
cjLiLjlU 5Jl ui a Vjt ^ I j — "w" , ,.t j L^-jt-al I j_i-ujjij 3jujLj>Jt 

* 4jj^£LI Ij 1 nt I 

(jjJI 1 .a I < "i (id tiJLLflJI LjI " ^ ijr Ajj\j->*l\ ^-i nj-^a 1 \ o a (, ^ i<r> 

JjijU^. I ^ 1c *_iLl£J I J <i "< Mil Jlj9j . 4_j_ijj_C.I j 4_j JulA jjl <n a 

(_y.il j j d^-J 4_^_^_u4 4-a- i <i i Ji^_>-^_4 c_i LxSLl I £jV i( _^ajjlj^>JI 

1 «>>ji dJLlAj . ^ * * V ^1 4 lU^jj ((^Uj^-^JLI » ^1 m.U 

j mi r ^LjJI jjjLii ^ ^Lji jjMjj5 l^j ^l^ 4-j> mm ti 3 y»r^ 

^L>- M^jJI M^jj^JLl i.^ 1 < nL>Jl <j7i 1 "v- 4-JLyajj (jr >ajjl^>Jl Lai. 4JBj)j-*.rt 

i^Lj-lJ I jlaLSj j^laLaJI i^L^JI Jlij J-^aJI l. m *■ *i ("< IV jl iJ-uaS/l 

^LAjjI «^» Ljj r< r 1 lit *i . Y JSLoJI ^ .4jjljJI 4_ojL1 djlAHII > 

J__U . (jiMi ."ill ^jl^Jl ^Lfljj^/I (m7 ic- J — oHju «J» 4 U i nj ^jJI JJaJI Jj-to 

(*1 t I 

(jr^Vl Mill (JJci (JjJ(3 ^4-1-3 /^_>a I JJlc ( i mi *3ju>.^il Ijjl ^ «^» ^LdJj^l 
JLflj .(juij-SJI (jyjl^j ^1 J-t-aJ 4>^JLi . .. t °T t°T - 1 LljjJJ 5^IsLlJLI «(J» 
^j. a . < t, M i I I ^LojjI Ju JL_>o tjLSLaJ jaLx-HJI J-Lb 7l ) ^ysLs^ll JjJu>Jl I JUk ^LjI 

. ^J^JW, LJuJ I (J^> (J 4_J_<3 JJ I tt <1 \ 

. [^jJl!^] 4jjj_ua3 ^jJ ^ m In a Uas*. c^lcVl ^ ^Jfcj t ^ - I Uli J I jlSLik J-usVl ^ (*) 




t 



J 



1 o <j a Lai ^ < ill CajL^ (_>^->- 1 6 « ' cr*^ j*L*uJI J^Lloj J^liaJl Jj|ju>- <ji 

^ tiLn^Vi Sj.jSLMI JIjjJIj JtJI ^< jLir I .aj.'iftll JIjjJI .hu,. 

sin a = tan 8 cot e 

jj^a JJUlJ <LqjLj9 ^ Y ^ e-lj^-al (jr 3 Cj) (t^jl **< j, 11 » j i$ Mil I ^'virtTl 

.(^iLoJ ^Sj^jua JjcaJLi dul^ Ifl&J) CjIS^IjJI 

t Y U* + * / = 5 £ < ~7 = 5 < 7T— = ? 
K I Lis I 

l_ 



i+ 1 



/ 



CiLubLi jJI 



t Y _ ^ - IU.Y 

[(u _ I) + (u + I) L_^] = v L-^ ' Li* 

iSj^ (jr^\ «LjLfeL>ijVi » _j L-uLl^I j^j^SLIt cilLaJI pic (jj Jjuj ♦ LfcJ^j^s 1 




S^IjlH » ^ i 111 3 J-jl J ijr 4 7 rU (dt l »U rtj 3j £ J— ^Jw4J J^QJ M^J " f II A 

Ltj U i") ^^.^j 5j£LIl ^La t£>j£ ^ U , „ w ^ ^sLdj cjMj LajJ ^jl^ IjLa . «^^fc>ttl 



OrU ^ «st ,l WjjJI L^t-i c-aj^aj j^^^j^ LjIj^JI 

^jo'v ^1 4,i MiltLij .^i(j-3 J-ic ^ < vb>»H d^jtjJI CjL-uLo^a 

£>L-LbVl da>-*3 '^O^J^f iLH 5 ^ (jr^J *f J-^J-* L^J 

Jj-juajeU Lcj-ui JjjJ<aJI jo^l j-p-JtJ 4jj^SJI CjQiHi Jj*. t( _j 1 1 i_3j^>JL) 

. ^^H>"J 4j£J& JJ^J cr^- 

^joJI ^ Jj>iT< Lull cUx-uL-uVt ^Juaju^Ji (jjSa <?Mx- 1 <iJtxojJLl J>«>Ji ^ijlitltuLj 

( ^ ) jj-U L_L->. L> u l> + I t t-J Lljk — I \ t 

1 ' I L>> «>. L>. + I 1 — l_>. L . = t j | , ^ 

^ L l ^ u Lw I i> + u Lj^>. i 1 . ^ - 1 , ^ 

p ) 4jjLt.U (j-* o "II 1 'J > 4_bL_*_«» ^l*jLj 4—i-x-uaJI ^JJt l-Sj-juj 

^(jj-A Lot L.L'XTl Ut\ 

m - - = — - = - 

<tl>>.Vl 4Jj>Ij_a ^L, L^j^j) 

oj-^ljll JaLjuj .^jjljJI ^i>^ oLiiH cjVL>. jjj! J>. 

j^uji ^j^>u!(^)^3Lkai a^uVi <jjmi ^llji ^ 



OLubLjJI 



4 j <a frLj ^ "kj <ULo-ct c-_U Sjlc o1_<jjIj j t^y* 3 ji_>. 4jj^SL!I cj! M"itl J^>J 

^ <jrj « Lul l <jh j^l rtt l ^>Aa_) 3j1 a {jja piijJLi 

L*jj^ . 4_uj^»JI 4j£1oJ1 oLUjll ^ SjjI^JI ^jLuJI jLlLc.1 jlLc ^jj^b j jl>JI 

1 V"i i nlj tUn 1 Lo 4jl ( (i 4 ^jf <jLj_>- VI (jrttj 1 jl ^ Lll y 6^*J 
«l — <a-_jJLjb> ^ a m U 4_ j ^ j j, — C-VI CjI j r<r>LjjJI (J-<-tiJ JL_5c_IL_i_uLj 4 «Lj Vj_L>- 

i4mi a 4Ji 1 11 a ^^ja I 4-04!! oLj^**! 1 u\\ ' ^ * 4_x3^ iAnalemma 

4_j_jISLoI dJllAj . 4jj "i .nil ol "il"it,L J_>JI hi^. ^ I t Lul_u 4 j 1 n-li^U 

.(^LlJl J<^>ntl ^ajl) 4_u_uL*. 4JI ^IjL^'iiuLi J^>Jl ^l*i u.ujI c£>^ 



s 



^ t i £jJ>-\ 4_La^L_o! ^l^- St-jj JUju JLv ^1 (_ »5s 1 j Uj9 
£j<» <JT J*JjJ_lJI "j oVIj 4— i_lL>* V 1 c-fljl » pit 
^Jlc J- iIjlj*- "1 <»V >c-gijl ill **i 4JjLjJ1XI Jj_t-»VI 



^ j-jv! La-^o V^HfcJl ^ <— iLc. I j] jo-jo JSU jjj (*) 

' U <i 1 11 ^1 ijujtill dlj :4_*JJt ( _ ;r 3 JLojj .<_jLc ^jJt f^^*-^' "' , 

• 3j — jJLl 4l)l — i_j j_ i.T ^jiia j. ■* a\\ A'tc t_ij_iJLl ^ 

J^- 3 Jj^ 4*ih-»-^La C*j9j j^ojlj fV^&iJ (^IjJL^VI ( jjj j >_jJ lj> 

i>* Cry-* <^3j ^ 



j^Bj^j jL^JJI dil cl i-u cLul 



<Lu>UauUI SjLicJI i_i Siu V1QH9 (ojjlaJI 



4 I < i ll ml (jJj^Vl C-SJ^JtJI S^JbLii iJjVl l^jJj-LA-A (jjjJL-ua-a ^^jji Ijl Pi I nl 
ijS-^ i«fJ-UI» ^ <t 1 >n 4\j_Laj CjIjjjS 4jI Ju JLjJu^JLI 4-i Q/aeJll CjLx£j£j*I J ! ^jj*JJ1 
i^Lj I 4 t l ( m ^Jj ^kJJ ^ji^JlJ < ^LIjVI £>JJb ^jJZ i 4 j ^ j ^ >J I <; jJJl SjJLa 
(j-o^-olaj L^-jlJ t ^j-juaoJI ^gjjpjj tjJtaJU ^j-C 4J*jj mil <^Jb Lgjlj j»j^?e-Lll OoL^ 
3j-j_>- 1 < n^l ( _ 7 jJI <t1 JjVl <>JlA 4-3j-J»_A (j-d Jj^-Jl jLa! JU9j . jltnq " < oVl 

J <3*> a^LUI jJLuaJ.1 L>a| * A jLl a a 4— jJuoj £>j j 3 J^'L.i* (j,it rttntl 4_JL^t_i j lull 

3 4 } J 1 <ji)Ll£jSJI j ! 4 i ^ < ,1 n\ ^ j t- ill 5 Lull a.l ^^Ij 1 -wVI J3 $j Mill 3jm1>LLd 

]| 4JL4-JI JU.V ~i\ j 4 oil 4 n.i LAjJlJ CjIjJLS ^^Ic 

^jL^ iL^jl^jf 4_^jL^ Llj^-oj jJoLu JljljJLl i>jufc <LjuL2 (jj (Sj^j > ( ^j < ^- ^ i- t llj 

(^jLluJ L^jUO t Ljji 1 iTr A 1 <i 1 11 °l ni f ,J 4_uL«4J 4 J (,11 4 Mill ^j^-jJI S^jI J 

** / 

CjJ>Jl>u JlB (JjUII jl iQ^^iioaJlj g^ijl ^I^jVI ^jj^Ij 1j-^JJ 4 Ljj-Sj 0* 
jibLb LfcJuvV ^j-^Vl t_jj^JL!l ^ i U_^>o TA _j 

Lojj \ V L4I4 i4 j'lxaj 3jJ}_a TV 4jI Ju ijJw>U Lr 2 1 ^ ~i -k.^1 J|j^_jJI 

^jjULil u i.^ 1^1 J (jyjiJI iCjMjJuCLII <>JLA . LiS^j \ i JjjJuLcuJ (^4J 3 Jl>. I j SjJlflj 

tfijLp-l ^cj Ljo (jt VI i jJl^I <Un*^ j^LJLl j-iiLftJIj jj-oLl]| 

4_ul^ j-uSJI ijr C.^LJU^X I ^uJLjlII ^1 t 1 mi ij Jo- 1 t <_LaJa3 CliLaJJ-c L^JLo 
jjLuail fjS ur ^ t4j^j>J| j <i.i,i.JI JiLuajVl j jJbl jt^ TL 4.,^UlU (-djLJll 



uiloJIfalc 



- <Jj-3 u } * ^ I j & *j J i * 4. _j xs^l (_u! 4 i~< rt j JL_aJ 

Ci-cii^Lj (jfJ^\ CjLdiJJLI ^j-xs 4JLal£ 4_c Cjj-^lij . Ll3IjJL>. J>JL>. Ju9 ( 4 1 i n 1 1 ) 
4_c j-^jv-U dJuA ^uaJJ .^uJLaJI ^ i + Mill ( Ml fill £j_uo (j^-C j_u£>j-U ^ Jufc 

^jjJlA C t .-vJ Lc ^jyllJI iSj^-LUJll Jl o rVI JljJLjJI i<jr £ * ... i* ^ a q&J) ts> \ 

(jT^-H dj L_C jJL I CaLo_m) J_j9J . Cj>\ — J .l^Lj^J I ^| J V **( I nl {j^C 

4jjL^Jl!I CjljJLuaJI CjUsjI JljJl>u ;JLiUl Jj i i n ^Ic iJLa-C-V! ol\Jh iJ7 £i lLlAlSjj 
JjUll 4_LLi_ii^J 4 jlj-Ul Cbl jjl <n II CjLfljl JUJLjsjj tJ^Jl Jl^isl ^Lv V " i 
4_ajLjJ I j*j_?ejJl ^Jl U ^Lj^JI ^L>ijI **Ul . „j t «4ljJi]l)> ^L>ijI JUJl_>uj < 4j^_c_oJI 

*JL*J U_L^ I 

»Lu" f ,.L _ 2LojjloJI 4_y3>L^Vl JL»£.Vl djub tjSJ i^LuUuJIj 4j ju^JI JUx.Vl 

^j^ojjlj Vlt « JU-AJLu-aJI gjj)) j. m tjij . 4_i 4_^3 L>J I (Jj|jL>J!j ^j-u3jJll (- >-aj 
^^aJjl ^j^o >Un *^ ^lj_>-l f.\ j t4jju^JI c— iLaJj <tl I ^ J^cj 



c-ib^ L^^jfcl i4_uj^Ji 4JlU1 (^yJJ SLiTi *.f i n^tt jj^ f) *s\ ill O g-v jJj 

j-luLUI J^-^j • 6^ 1 6 **" **• '^3 i oy^- (3 5B - < - u ! ^ 6 * 

i f 11 Al l » ^ 4 , ,n <L^Uj-Jb 3 jjt <r>tl oLaJjJti jj^a 4JuLk 4jCj-*j*-<jj t^j^xll (( 3 j >.«ijt, I 
4-joui-uj dil^-j^ jJji ^ JJ cr^- 4_lLoVI jjLuail UjlcLuuJJ 

l^ y* JjJa tjkxJu-ll dot-Ji 3j0^ tLulii .(Lj^Sj ^ AYo _ v* * ) ^M^VI 

tljJlj .(LujJaj f \ * YO - AYO) 3<m«> CjLaL^uJ CjJL^iij t^rtlUjtl tfjjo 

,(Luj^-5j p \ io * _ ) ♦ Yo) J^l Jo I Am i^L^ ^ rt i Jo-oi^JL^ 

^^L-^uVI cdLil! oLij-tLj ^ " u.t ojL^-i ^pJl j^^Ji 3jJL^ < 1 

JL*jij tLu-oT 'wJj-C. c-j^-cs. £i\ 4 Jg>j)rt-)r A Jojl^i V a L_dVl ^ * ^l^v 

jjlc ^ J? ijrt-j-tbUI jru^ajt J^L^j ,3jL5tm CjLVjJIj WjJj'j ^ LlJoj^I 

4JlSJjLa 3j^-ju3 <jJ^£wJ 3 J Lei (jSLftJ * 1 JLA jj>a ^c^JI * - JL -*-J (j-'O < 3 °J 

£ h XUt l CiLdiL^ ^1 4_jaL^VL u(r-LjVl)) <, ^ JL^jj 3 Jo l_3 CjLaji*JLi 
j - * ~ t-^j-i-uj »^al*JI I JLA ^jj-J3 ^j-a j->-U jt J^j— a-> j it U jrU^o5^_iu<yi 



uSJLaJI pin 



Jj^>. t r uti L^jljJJj 1 ^ ' ■■ J^>- O^J^-^ t _- r xa^J-ll oblS"^ ^^^H- 1 ' 

tjl^ JL3j •(_>"« <— t^ljSJI (jljJ^J '(J^J^ Jj^" J-*-^ O^JJ-^J '(J " * ' " ' ^ 

^ mi r (^oi Mill Q^—SJI (^y^ ^j^j^jjij-^ j ts*i c cr^* * < " H ^'Clntl a! tnitl 

^1 4 n ii > ILj I 'j t <Lj_j1 ( (i -kJI {j^>\j-L^\ p k> » t LoLqj 4^>JLu3 ill djL&j 

^4 < <_ilj)^>Jl lILIj ^Jlc - ^ a ^ i ^ " ^ > , 4_j-*_a}Uj .^^JLjJI p ■ ^11 ^-tla^JLl 

cdlj 1 ■ ^ j <^ ^ t 4-iLa-JI Jjj n.U ^ ,U"T1 SjuLiJl o(j (^j^l tiiioJI 

4j>JLslII Ul . ^J^LII < '1 Irttl Jji in <t J^kJ njJl 4 j ^Lj>ll 31j mi^JI IajIjVL 

£j^_jfuJI (^SL^jj ijj_uj_Iij jJLI 1 1 (^yjalSJl j__xj>Jl * ^" 

(-dLaJl ^Jju 4ju-bljlll 4^jJ,l (JIjJlI (^P^ 4jj1 q m.H 5j£U 4 j ( nj\pj CjLjjSm 

3 jJ> I J> j JuuoljJl * m ^ J-Sjo^ t4jjl o i nil 3^£LII ^yJl 4 j <r>jVI CjLuljUwVI 



J I «£Jj-*Ji (tiil^) Sjjlj)) ^ <i.< to i^jTr ill 4 jrtlV (JjULa ( ^ 4_Lal£> <i t ii SjjI^ 

L_flj_JUJ . ° YY -~ ^1 ^->- LfcjjJS 4_Jjijj 4jjl A /.nil pi J 1 niVl Jai- 3^J)I J> (jyA^. 

CjL^j^Lc ^ A tfJL-A) °Y * L^JLo J£ 4-J->- jj^> (4jj-J-<i) 4 «^Lc 5j 1* r. L7 IujI 

jrj>f" ^ - Horoscopes ((jjoi-jjSLujjj^jI))) ^ 4^^*11 ^j^-JI 




^U^thjhfiHP f JaVt NES .( \ ) 4j^U— 3^5 : ) - r JSLJJ* 
NB ^jj^oJI PZX 4j„" ooitt 4_>jljJl ^-^-H to7> <Hfn. < JU^tjJJ (^i^jJI 



4j| ju ^ ^Lc J£ (j-^jU V \ (jJtj^- ^ibj Vernal equinox cr fc_u j> JI Jl.drV! : Lu* (jVI, > vVI (*) 
^Ij^ Autumnal equinox cr Aj j> iJ1 JIjCLcVIj . JUAJI ^1 t>° '"H *lji^V1 Jai- 

*J j " - - Vl .U^ - 1 i ^ j'^ j-xju <lajKJ JLix. l_oj^>J1 J-ua3 4jI J_> ^Lc ^yi <i.ii j... Y Y 



lSJLAJIpl£ 



z 




^jn"n.a.U jilaJLlj Declination JJLl : Lufc j^-ulji^L) 4^Lq~__JI ^1 j^Vl jjl>u 

, j^jjuojVl J^LJIj ^^j^' u'j-kLu 'Right ascension (RA) 

ft ' »tt ^ijXuoVl <U^ 2jjIj ^j^. ^i^- ilt ^jljJI JuuJi 4_)U La <Jj-« <—2^JUj 
Jljlj -taij p-^&JiJl Jijlj J___v ft **i imU j_Lmi t_fl^_jLJ I o ^ 

4 j i ri/llj (jLblj jL_l Jl_wVI (jljut ♦ Y(j-* Jj^-u-Ji flLjol ^-3 4 f fi^rt a i^JL-Up! J! JucVl 
jJb^-A JJl^jj .^(ki uill ^1 4 i t ii (tL jlj a.**n nLj (jl^-aJuj 1 o^Ktj i4_jjliJl ^ y )\\ 

^La-Ul j! (j-ao. uitl J>±-^ 4___i>J Jlj__>^JI (Jj^ ♦ LagUa (J^J-JlII -L-l>. jLf> lilt 



<Lu>ILujUI 6 jLAaJI ^ Km Viflllg (D9JLSJI 



Sjab Jj_j<i ^1 IjJoj 3 . oLiilll uLu^ ^ 4_u^uLiU Cj^JjLaII ^1 ciHj 

^j-cjJl <j|-^ O-^J i>-i- 1 ^yJj (jja j-t * jIjlJLcj UddlJ&j 4jt Jj t LjljLj 

Jys j. 1 r\ °\\ ^y ^y\ \\ ^>J-^M iLuajt «<<4 V^m i_^jJLI jjuua-cuJl)) ( _ r 4_u*j 

4.^1 m" 1 ill Cll-li) * m$! 1 him <jJj < U 1 1 jLlojVI 1_4_jJ1 ^ tn (jr*^ JjLuJI 

iljub * 4 -j Jji ^yJI 4_^L lo^L tCjLLi <l>JI ^t^->-l 3 1 n ptl 

4_!V Ju jjLJtJ l) ,o. < >aH oljlt-£kU «Lcj-Ju» L^J f.fiU 4-tLajJi CjIjILAJI JijJu^ 

oli/^l dJu* .(^-UJLl j^^l ^1 4 j M,;tb »L» .....Jl ^ (j;j-ALiaJi j^jit 

Jjl JL>- 4 In ol^j ^uj ^jL^ 4_jjLg_J! diljJLuaJl CjL^j I JUJL->o q\ u$jllX\ ^ 

JtJ a^lj ^aj ^ijL^L^l j) Lull j4&l\ 3>Lu3 (^jl 4 , I Lis 

: \j£ji> ^jLu j.^ mi! 4 <i j \ I JLaj JjtjL>Ji tfJLA JL>»t . jL^Ul < U miJ juc c^H*- 43 Jj^ 



u&laJIpJ* 



jujJj j m *\\ SM_uaJ SjisLUl t) • *A (0 (i iY ( ) i) * Y t Y *o *V ^ 

.Jlj^Ji ^Ujjlj Jj^jll J^jVI (>L 
J.jUdQJJ ( j mi 

** ** ^ ** 

4^>.j jJLj Jjj ( .I a (-_3jJL3t-A .^O^C ft<r^jJLl» ^1 tVt j-#k ^j^^—jII j mi c dJLxIl 

I^LsjjtJj jjl j j_-a L^JL^^J L7^ lfl.ll Oj9^J! JUJu>o ^^fl i <ri i n-tG (( (J j_jLS_yj)> 

^jj£Ll I tiLLoJl (-SjLljs cjL2L_aiaj ^ jUtL . (^-y-i ^lisu L=r 3 3jj^ /Mb 

(^u^bjJI Jj m. )H jj_LjJLaIL) oq^Jl ju jirtllJ ^j-^ <• 1 jLii.1 ^.OLJJ j-mLJI 

(sin h - sin 5 sin $) 

cos t = 

cos o cos y 

^ 1 1< nU jjjJI t— il ^ ni u r ij ^^1*^ ( n<<^> i^j^LJLl ji Mir dJLitJl jj rill 

ijr ^ Cjj^ioj CjJuj Ju9j *3j-aL_2]| 4 n J -ft (jiaj—C t^_>J A, miTI < 

<^ijj ( _ ? IuLo Jj|jL>Jl ^jjd 2bjLk 4_C j^qjc-A (jJI ^J^LJll j mi f j_jljJI jj-aJl 
Jjl Jl_>JI dJUb . ((jJ^Jlj) (Jj>.JUo cJiJl (jO^J O- 4 J—^l LT^" L^J? " ^ 4Jaj,UV o 
<jj1jJIj t^lVLjuaJI CjL^j I ^1 4 j . .1 (,1Lj 4. jr 1 < m 1 1 L^tJ^ljJ ^u-q-miII ^Lfljjl cJrtJJ 
♦ ' CjLaj W o ^1 4^L^VLj * L^cLojjl (j-d <L>-j J JSU n Mill (.(i.!l 



<Lu>ULuiUI 6 j Lull tint ViqHg pgluJI 



.((jJJjG) J^JLfl (Jill TO • ^ Cr k. JjJl>J1 

C-uL£ 4j!jL>o! ^ufcl jjl J^-c ^X-jJl cr^ 1 ^ O^J^- ^° L ^ JsJL3e~<J }-C ^jlSLo 

(j-u^-ii J>->-5 jJoLtlJt chf^J (JdJ*^ Lr^J k ' 'UrtM ^i-C- JL?t-« 

1 (t^lui 11I (j-JJ^Ui (^^-oJi lL11j3 Jo-dJ C;r L>JLl ^LajjVI) ^jjJlj Jl^JI sJ^jsX * a\] 

.cjLcL^I cy> ij^J JL-^jLJJi .ij^Vl Jljj . JaUij jL^Ul 

LJjlJI u^jJLJI (^J^>*j (jrfl i^^^LJL! j mi c j-jIjJI u>-2J' (jy^ 4 «i i^U 

J3yi ^3 jLUl JU.oiL) J^l f.\Jl\ i4jjLuJLl 4-«^ Cy k. ^Jlc: J-5>J jL^JI oLcL-u 

.3>LuaJi 4jjjdl ^jU- oJ-V^-^Ii ^isu ^^SLI 4j jull 4-*i JuiL 

* * •> 

(jr L>JL! ^ojjlII (In ^1 4^1,1*1 o 4Jij BjLxC (j-ULA ^jl^Lo « 4 1 j n 1 1 » ^L>oi 
jLiluil (jlS^ * < *^- J< *J J^Jo ^U.V i jhJ jj-olij 4^jj^JLI 4^wfl u^a^C- dzJ>- j 

^ tjLxiju jJi^Vl JjLcJLI c£JL^J CjL^SJI dJLA 4JVJU 4 1 j ^L>oi 4J jL^_o 
j In 1 11 4 ^ -wj ijyjs 4J I in ^ ^jfcl i_Uxj I OjL^j i^^y-o^L-uuV! ^j^SLl! lilLUi ^-Li 

.4-i-aJUJI 4-lIijJI 



tyLc 4L« JIMj j^jil P 3^0 X T J£AJL j^bjil fu-^JI ^ 
NPA JJUj 1 <wn t ^Jl J!Uj N 5U£;1 U ,a j »'^jV< S^SJi * k ttl 

ur^ B a A J^a J£ <\j ^ itr u3 j^ll ^ki M 5 P jux. Ji ^U; NMB j 
tfL->ujLj P „\ "1 c <JLJaJI ^L_>ul i_3^ju tdjl j ,i/>LjjJI . c. I j"< .nVl , 

(^ia^ orU — iJI Jfuli AB = 8lj (MB 3 PA ^1) c^>-c. 

^jSUjj 8 1 j *0 ^ 4Jb op 3 jt^to 

:<^a A NPM ^ <*UU1 Jib SjlcQ ^jjUo 

sin - cos 8 1 - cos tan 

q = cot 1 = ~ 

M sin 5l 

t4u^usLjjJl L^I^Jt>JI ^JjI < ii a ^yo j Tit*) 4jL_uJ 1 dl_>ul JliJl>*j 5Ji ni a q\ 

SLSLlaJI 4JLcu,o.U Ll-^Lj SlIbLSLo L^l 




<?l — :>JI JL_J J >tJ J J I JL^>J i ml J ttjrlJ ^5L_-JLi ^ mi r J_j|^Ji 

«LuJLjI» Jj-_btJ Lai t^gj ttj 4_«LiH Jj_L>Jl dal \ (jL^J . l2jL*1£JL> 

^> **i j ^ 1 1 ^jjl J 1 l*i i« I <t j t L> 1 » ^ mi 1 , \ V "< < fiL yi—>. (j* Ao* j) ->.j) 

o j Cu\ j 4 ^ <k\ 4 L<aj '(f*^ * V" >• 3j-aL_oJI ^ 4__Lsl (ILj t Lo I ) 

4 i jl ualJ 4_j dLSLa <j j C| l_j 1 mi 3 J j 4 • j ^1 Vm Mil 

4jt mi-« Jrv. ^ya ^ JlII tiiUjl ijh-J ^ ^ • * J *_> 4jj su CIj) 

4_L_5JI dL>ol jujl>o jL?t-4 ^ 4_p3^LijLj^/ 1 diljL>uyi SjjJ <jt u If 

^ V"\ j_^>. 3 mi a j ^,^3 ^Ij) L3 JLjJ_>JI cdllll ^JLc J ^ ^ c ^ r Ja JSL«,Ti 
W Ujlj (() ^ ^-jJi .U^ ^ ^-j-i q ( (|),5l) 4 1 i nT1 tfL^J! 

^ JL A (2)^° (-7-^ 

jJj i_y^>~ iL-5_Lflj 1 jujl > i*i i?L>u^/l Sjjlsb-jq LojIj <_ f jjL>JH j^Jj ^Jj i^L^-^- 
^L>ul c-jL^.-kJ 4-Lo j) t <>>U 4jjLtib 4_jijj ^jJLl u U h,j}\ .^.t Jl Ur £lia jL^ 



^j-^L^J I (jia jljjl^jJI 2LoLc 3 j <n ij t^j-yus mil ^j-uL^s 

4j^aJ CuL£ LojJj t4-i^jjJu3> oLxLsJt-^ 1 Ju I t % 1 1 it *ni3 ^c-J 1 fl" I i ^ CjLaL>o I 



<,_( f.<i: 



4-tlp Oii-A 1 4-^Jt^JLt i^JjiUl ciiUJl Jjl .n a <y» 4j*UuU 

^.lr 5J jl t a 4uj tn \ ^yJl I jl n < .,1 t Cj LiJa j-ll \ a,lv flt 4-jajMII CjLjL_i_JI 

4ul dIjiJ-^o 4u^ rtTI 4ujjJJ J j j jL-i %-a ^jub^j ^ua_dJ im^Jul^JI 1 f \\ rttl 

. JH^-li j3^-IaJ (jr-^J 4_^vj Ju 4 o ll^ <a (iP ^1 <a <mH ^jL^ til! J J^l 

t>« J-^ Jjla t^jJ* J^jIj— c 4_jMj (jr JLi l_jj^JL1I u 't (j^J jj — oil 

^^pa^jJt Jojiai. ^j-^o mJjJL j! <r« ^yzj-^. i In "si Jjl Ju>JI C<j 




£i>*j U^jl>1 :4ojl£$SJI 4^*JI j.j mi flit <jUo^4j jM-JL! Jaja (jJ^^j 
jtjL^JI uilUJI ILS^*. jtj^ (i - r J^Ul) ^jJUI l£U5 

- 3. <^>L>- 4JLx ^1 ^ - jrUjOj-^l jLu^JI JL.g-1 .(o _ V JiLdJI) 

i t >r j L*S * Jj-^^I! ^1 In <11 SLLuatllf ^^rt cfl 4j^^I V<lt 4jjLtj» 

4_ju_ixl!Li 4HjIj jJu_j <_ c^l^Lli 4jl 4 rt.j rt-»«t ^a^-A j i <n at n*> 

jiitj J^Loj (1 _ V) JSL,*JI ^ .4-*UaiJ 4 \ imL^V) j_i^U*Ji - JjLLulj 



ij^SJ . EF 4_fll mil jljt <u (jiajVl ^jX. £jL^>- F oJ_£j^o (J^Lj) J-oL^ 

(j-a-Jj (The "equant" «^ hull Jjl«.«») D ^1 4,t i.iitb 4 <i IV< ; a 4_£j^>Jj 
^ j t nil Jjlx-a u-Bjjljj n " : * i -sl-ijj q 4_jjljJ I j *F 4_jl_uuJL1Lj 

^ 4 ^tx-; * 5ujlj 4 c j , „ ; jjju DH lIsl^JI / EF = ED (j^SL* 




o ■ i $ tl ^jjl u olUitl ^UaJLiJ L£1j->J Jo ^>Lx-ayi <jL£j 



J-JL^J * IjJ < Lw^-ii ^_Ju£. 4_t_aX->> ^jJIj^kJ Lc^uDjpl (j^J *l7 ^ a - 1 -"^^ JJ) <<-*>! II 

• vSljSLllj j-c^U 4loUJi cdM^SU 4«tVTfU ^oKj^JL 




.^Ijo^^ILLlJ .^Ml tSjjkLaiLi 4j^ualt t_JiSJI jlj 4 * 1 l a.a ijj^jua j^ojfcl^jjj j^j^jjl jjJuuaj t^L^-iiJI JjjJ 



(LkolUuUI & j Lord) ViQllg pgiaJI 



^^Vt <d]Lt_uj j^fl 4_j_a JlJLo jLjcjIj ^p=>^. < t < i. LijLfl i Luk d **■ a 1 * * 1 ^ • ^ 

^ jljjjljdl tiljJtTi .(V _ V J£AJ1 jJojI) iSj^\ Sjjljdi 4_^Ula ^jJljusJI 

^JL*Jt jSj^a ^ya OE <Lb! M i U (jt^ J * j j ^ nil »t m*"i < i>L t<-_*£l_j£jl 

ju£. R-e j ju^. R+e 4_j ol ^ « ^jjj ill oiA^ J— £j « (^JJ (^jVt) 

CfL-i 4j*_tb1^JI CjI iri^LUJl j j < tt?TA LuuLi_Lii dll iL_*£l^£JI 4^j^>J ^pjj) i \ Ira > ^oLw 

ijr JLbj-JL!t 4jjJaJ 4_uLjJtj t Lr Jj J jIaJi (J^J^' Inlll Lq! »4_laaV| 

Jl Jjt-oJ ^ jJl 4-3r ^1,1 (j-uSuu ^jSLuj-jj^ diLaJ (^l."i rtU) 
.^UlA^t jIj! (^jJl 4i.l>a (jT^a ^Ujj ^jIjjjj^ a 11 Sj^lp^ 



. Vlnlljolg 



1 rt J V"i r.n! 4j I Luajl s j^£J i<1jl*3 

tjj Stjufc cjjl^v. ol^a ^1 (3d>-^ O- 1 -^ *^UjL-£.>*Vl 6^ *i£^L> h ill 

JapUV 4 ^ _V) a j i{\ Jl " IjLA JL_a ^ 1 C, J j JWftJt J-J jJI 

da j) 1 ■! -Li t-> ((^jLSLuLdJ! 4_*l » 4_JajjJo Jljv- a L:r aj^_c.l ( _^JL^j_^_u 

( _y3 j ^C ' 1 t CjLskjLud (^JL^-] (jr ic- -^5^ . ^ iOV « 4 J m tn f tn ( »i rtti » 

4 j ^LJal ^jJI jlLJI . L_JLLa_j| ^J} 4^1 ^11 ^ gJi " t ; H J „Vi 
S^i^JaJi ^pjj^fv <Lcl In" < 11 Lj tj5-5Lj jjlj _ 4JLA5 Cjlj) < t.n I jj/j'Cj 

Lu3 ^-4 J In j jjl L-OtJ 1 jmO ^ 1 ^ ^jLHI ^jjLlI j^jjLjJI ^vSJ t4j rtj^VL 
4 4X <a 4_»_jlL> j ' ' LxajJLc Yt I /j^_4_j j 1 ii JLjv ) 4 j 1 lr> 4— 

. ^^V! ^h^iU (4^U) 

^Lstijt < M"^j> ^ 4_^LiJI CjL^3_4jJII3 t ff^LUl 4-1^ LJ1 CjVV! ( ^ ) 

pi^jl ^Jk^ l3->^4_4 LUdj^C jajLOJ ^jl Vj ^ 1 .1 flU IlLA 1 ( t,.,t 11J .4 




£J*jxj) o Mill 3j£U u_aLxoj 1 (jt^c- jj^alkJ U i n ^ 11 c_>Li^ ^jJLstJ 

j^-jVl qLiV',.,,,:! LuL£ oLlJjVI ^Liftl *0-^l JOL^I 3j.Um, a 

CulSLa j hill i_3^Lliwl 3^ In i ii a Lot tjj) i«tl J \f ^ i ntl ^Ij^Vf CjLcLojj! 

J-^J 'L£jl "' j* ?i « » " 1 1 4-3 1, L ul l ^LxJiJ ^JL*JLajU 



lSJLqJI pxic 



jUjVl (^^) 4jjLm-*j ^5^1 tlLUii JjLa^ Jcjj^^j ^v^Uj 

(j-A ji \ U t, \ < t< _mi,.>J1 frj * ' ^ a otj^LJI 6JlA ijja (JjIoJI *i^j5L|JL! j mi r 
^JJ (jL^j .4Lj-jJuljO CjIj_£ L^-lLLI 1 <\ *ti) i (jyi ut^ t—JLfl (jrLc Joj * <>>U (Jj-i^ 

igjl <t mil L-xLa-2JI J j ^ (jIj^JlLI 4_L>Ljs Jij^l (j^Su La 3jl_£.j tJj^Vlj 

JIjOaVI ^Jl S>5b ^»La ^Ijj CjI^LJI ^ 

^Jj 4 diniia ^-VJ ' ( (3^^l$ <J^>^ Cr^-H^ '^H^^' tfJUfc p 1 n 7nj 
JljjJl 4_JiLv <Uj in t £cjj JlUJI jjjle- ^ y*t\\ Lljj S^ljJa ^j^CJ . CjL^vjJ 
jL%jL ^-^JlII RA )iU £_LLaJU jJLstJ^ i JLualjJI (3 J ^ *'**' ^ 
daiiJ c^Jjl <v (itll (j^ jtnff ti jJoL_AJj \ 11 >■ ^ fri til Sj^JI jj j — c 

jh-j-tTJ <c>al j V "t,xn\ tj&AJ Ijla (jLa t^jo-^-Ljj oli S^SLII cxjLj£ Ijlj . JIjG^VI 

Lu-uVl 4JI J^_^>V 

O^j^HS-** « 4-IL<-oj» 4jl_)Li_^ 'tJ> a ^ jJl ^ TO * ^l^v.) v 1 n^fl 
ju-aj J . a j A 2LiJJIi Severus Sebokht «cJ^ ^ 



,1 1 -(.<> 



oVT ^JL-^lj t(^» AT j_5cj Cj) ^y^ojj Ij-SJt ^y-L^j—fl ^ J o ^- AT* 

i u Ui»jl\ jj ^ til ^ !j>_l^ ^Jj^l 4 j<lrttl 4JVI ujV 7 t — V< jL^ 

.[^3.^1X1] .^jjlJI ji j^M^)/! j^LiJI -.^^j Ua3 cjj^sVlj .Arab occupation J^oVl ^ 1 (*) 




S 



j!jL_x^ ^jllaj mil jl jJL 4 > j <i <ntl j— £j — « (J J— ^ ^^-^^ *(l>°'>^ 

. 4^t_jiL-uaJ t 4^L>- (j^lc J) 1 - 1 <J (^JlJI (^JL>JI jljLa^ j mVI) ^rvl! jdc VI 

c_jJoj Jl>- £J a ij^h miH Cr 3^ \ J^V! L>- ^ n (7 <"u < In V eJ&LsaJ La 3_iL- o 




Cj-UJJ Cjlj <L»^jlj «LuJUL>0 4^„ ; l4.i«Q \ 'rf^jt C-jV > t"l.mVl f A 1 ) u.-">» 

j mi f tjr -(jl ^ji <i < ii 7\a < rrmi mm (jl i art t Lgl>J_} ^js Jlv^j* iCjL>-jJ 

4 j..<VU 4_uJul><j ^^s^JiJ! J _^>. j)^JU ^^UJI (Cm) i*\ it II) 4£LlAJ! La 

|M) T i>°>-*^ f 4 -^^ J^^-^W t*- 4 ^ 5 ^ j!) c_i 3J2J CjIj (*5~>«j 4laJ^_>- 



Cj^L>JI t . < 1 r I (jr £> ^^SLjj jJoLJLi <J^>o SjLc £jl <ll Lalj 

3jLua_*JI tiJJj Jljljj i*Lct j, n (J^-^ nit I £xb^J ^3 iSjjLJI <JlL>JI 

. ^(j^-Oj-ulj JUj 4 trmil^j <LuaJL>J! SjLuajtJl < M->. (j-^Jj^ 




L^Vj hull j ^ViT ^i^JL&>o ^ : \ Y _ V J< tnt t 

LjLsLuilfj cjLcLojjVI LjLxjj-a (B) 



:<j^JLU JL^U (jl i^&jj . t— il ul>J| 

£jj ^^ylc \ Y = j_j_sjj YY) YY (jr a <i o niti ^ jL_3cjV _ \ 

^lc ojii^Ji jTj^* mm ^ U^;tl a LI ^ ^ 3jl til i^-jub^it Ijla 2< ■ njj 

-sUl^ils r (CaJJl ljUfc (j>j) *J>i-aj iuLUi JLsJ jilauo jLfcjV - Y 

5<. ^,fl jIjG t> JjJI ^ YO = ^Ij-jJs \X itu^ *(}L1*) ^jlj^-fl >T 

^1 j 7t a ij^-c- cJsjJl — oj . ^Jj Y 4 In 7\\\\ ( _ r Lc jjudjjj 3jl t>t til 4__>.jj 
^£L*^j nil! J jx. ^<Lua£ . uj! m^iJL 1 fljlr Jj <mr it Ij-xitS' J 3-1^1 Luoj j-xiVl t flWn 

^jLdl ^Ll La Ijl i4ilj_4_a-) UJ^j Ui j»l J Vl, < ril BjLg-A t_< <n"*Cj (j\ ^j^V ih 

4 .m.jV^JI ^jlxu.Vl 

((^JLiij^JI)) JU ^i^- Vj) <; jyL>JI <5Ju& ^1^1 <:L>-j . jJi^i jJb*- 1 ^>.^jj91 

4jjli Sju^ 4JI jS^LiI L> j if, 4 ^jM-JLI j .'if (jjUJI (jj-oJi ^j^lq ^ Cr ^Jju^/l 
jLfl 1( jiJj , v ; ^«4^r i^v» 4-_uj_*J1 4 <tKli 4j^_m.1 Saphaea ((Ll_3L-u» 

j j , ^ • ! t JljJo 4^o Lc 4JI£ tfji MMll^ 4^vlj^_» < n " ^ 1 ^jLull ( dU UjVj UinVi 
^JLkJI ^ 4JVI oJJt C(\>-2j i^J^LJLl £y*\Sil\ <jj2l\ cr^J 1 ojJl 

LLla) j^kjVI .^jMJII j Mir ^jL>JI jj-Hl ^ l^lyj L»j^j? ^Jl L y5^Lci/Vl 
.Catalonia 4_u^]Uo2 ^ Ripoll J^jjj jjj Ji^ 5 UJLSIjI 4.Li< t j jl 



«4_iJl3j3Jl 4-* j nmllit p l_3jk_£1 JjJLJv ■ ^ tVj U . ..! <!LJI L.,,M,'n *A* ^Lc 3j< Ull «4ltnjlU 

p-^-t <uic jujljv ujVjia^Vl Ijuk uSti (^^ ooo_^ o *A) Gamma of Frisia ^^j^iJI L*_o- 
^j^>J\ *V>LuuVI cjt^p*, ^ 0^ t^b • Astrolabum Catholicum Wcf SlJljilSJl ^Vji^V!)! 

•[<«!vHl] .?\\AA cuijSLJI .L-ibVljO^iiitj 4^UiU ^>II o-L>JLt t 4ijjJLl ^JLl .^UkJI 



^ t 4jjU* lJu^^ julji ^jUJI j^UI ^ ^jLh^' • ^ji^LjII >^ 

.4uollit_« ^Latrwl till j (JU^Latil ^LnJ Jj^JJ <U1ul« ^J^oj 4-JT 4^o_j-l>Ji ^ 

4Jjjla!j»jLjflVI {jjS 4_iL ^ 1 1 <*\ a 4 "t ) m a ^Jj-d3 *LjJ) ^Ijj*-! 1 li \ -v Jl_lL> ^^ixll 



. L^jL-iS^pj 4 j r ii <i ni!! Jjij-lt J-^X. 4j^Jaj (jr kl 4ojfl CjUj* u>uj Cj^LjJUu ^^LC 
i-j^o^LiuiVI CjLxai ^ ,<>yi jL£ t L_>^ Um.VI Sj ^ JL>Jt ^^-A Lo-^J 

4jjJo ^a_>. 1 — ii 4 In . nljj JjJ — o-M (J^JI (JjJoj ciq i*M T 4, j. 1 a <-ail ^JJ^^J 

j_isLSj daJLJ 4 j tin rttl CjL-uI JljvV ! mJIj JMlaJi Jljla ^ • oJu^-^J^ 

. 4_uJUuj Cjt ^jl jjLud ^La in 4 <\Qa 4JjjJLl c->^>^ 

iU-oJl 3 ^ ^jjuaj j^imTI LojJ^: ^xj^j TY ^ ujM^VI : Solstices ^IjM-Sj^' (*) 



iSJLoJIpJLc 



J!_3>Jl 4jj1) ^Lj 4ijUi (4jJ>qjl1I) Su^f^JI JjljJU CjLJLa-Jtt 

3l3 ^ J> L 1 . ^-La-Lxi^Jl j^-jua-jiJ! tjLjJ 3 a j j 3^_a1 aJI j >-l i_u — a ^a ju j — *JI 

it—j^^jJiJ!^ jL^Ut t i^V< f ij^^^AJt cr^! 4. j mi ( tL) C^SjJl jH^laj ^^o^M J_«L*1I 



'1 



4 jw ijJI JlSuit 3jLC io^-H jj ^ ft! ^^M-i-uV! ^cJLftJI 

4-JtjLl) cJlLs^ ^J^LJU J-^uLUI ij^-nJl JjI jJlj >JI j_jjJI Cjli C_sj 

(SULljJLl!) 4 1 1 oLkJI 0j.]r* miIL 4 1 m({ IlC 3J OjL£ Jui3 i^Li <_aJl JI JLaJtli^VI 

4JjU-4 cjLo51c J^kH ^1 4JVI ^jufc J1*j .prtj^lrttl cjLoljitij-ul -jjl 4 ,,,„; IL 

. « 4 i j ! I » dL>of Ju Jltkj 4Jl i,ad JicA i ^ , ,.^tt jj^uoaJI oLtlica ljLul>. 
jji ^j^-nJl (jLJ Ljj>uu ^ 4 ni'i.U CjK lm.H ^ SjUJLjw ^1^*1 1 Jl)^£jui a 

CjIcLlJI ^yk. Lol 4JljJi CjLoMjJI 4JLJLu J^sj (<4_^L_J1 4-jjujJI)> 
lLsj>- CjLcL-u ^yiiL t jL^iJl v-l)LcL-J 1 o mi 4 j mi f - Lul t4. in ntt 

tjj^jjJl Ja ^K-v ^-uq-J^ CjLo^LaJI Lr ^3 ^JjVl 4J*L>J1 LT % .^^IamJI fclr)"i miVI 
4-lju^J! t_aljJol JL^i 4^^j Lajuc . ^rut_4 ij^j^- lia^J 4_uLUI 4jL>Jt ^^ij 

. jLgiii d*3^ (j/i-ij 



<ya 3->j-^j_4 \ g T<l iijy>$L*^a j^lL «3j. UlrtU i-LJu^JI)) ^1 <jl£Loj 0^*3 
4J^| djL^J 4_l^L^1 oj£JA\ .(^j>LJLl ^jll!! o>^' 6-* ^jj^x aU jUy^ 

4 l.mTLi 4JjLqJU ^jLulJI t-jVjIa-uuVl 3jj_^jJll oLa}Ll!I ^1 Uj ^U, . , 

4 **- j ji t^ttl aJuk (J!l— a < < II i Un *^ i rij ' J' Jl)^' ■ t^^ ^Jj 

jj&ju^i fjjuajja jjjj (oj-aSLIaJI) 4£Lj mJI J!>Lv I (j;j_*jj . 4_j_t_5jJI ^ 1^ <L*iijJLlU 

J-^J— « '^>J Ju>. LjJ 1 < j < \j^-j>o (J-SLcj Sjj-jv (Jj^jscj ojjJu I JlAj i4_i_t_)^Jl 

(jj^-la — ui>^J.l (jjl JjJ — SO (jVl . 1— luLj 1 4 >0 ji (jci^ /"ill 

. L^jIj (^^L: 4 i <n t, I ^jssJJIj J^ij-l SjJoLUI CjLi^LjlJI 

3j **< nil ^^Jl Jj-*JJ (j^ j t pi Ju ! ^j-L-jSLLaJ \ ^jVl C-i^ "ill 1 1 $ 1 1 o » "i < j I 

^.n .It I jJMj-a juj jcL."f 4 4JT JLv " ol U ^ o _ Mo 

' ^^^ilLvVI £_LOjJ Ij ^gj L» (-u-I I ^C-*-u^sJI ( t-iL t ujTt->3 f^JaiLxMi 4_ujLi-ui 

^5 4_^^_>J I < U < KjlLq JjljL->- jjvj-^j (jja (c? ' ^ ^ ' ^ ^ ) { J-^i^^J 

D n i rt -kJI J-fljIl OjJLLc ijruG j^pJI 4JVI ^ (JJ— ijj 4jjlj (.M I All t.T< ^ 

. ^ J 1 1 1 ^■r.d'ai.U 

JljjJI lL^v 4_^jjJ c j_jijiJ! ^Lj-UI Lajl^ju ^jVl aL^XI (^jls-I cujL^j 

(jr^ (jr^ -*-^J L>J^i ^Al'jS .ji^-jJt ^ J^-u Cr LlJ bjj-^ ^Ij^St-x-a ^ 

jLjlojI Ij 4 j mi <i ui c < uj j ^ jJLa k 4_xo l_>. ug> juloI^o 

. c--t^1 j£Ll 1 j j-^-5J 1 j 'i ft rii it 



i_SJLdJI pic 



.^0 • ^Lc ^ jLi^ji i ^" U.nl^j Oj^I oj j . < 4_J| cLj^J JjLo t 4 ^ V ,iaJ| 
^^juaJI ^j-QjvjJl Jl_l£. t( jl $nts>\ ^ ^AT Cj) 4_J^jJI , \ iri r j^-aVl ^ytjj 
l^jJI f>*jJI (jjiilaV A ohn U 4 j «y flj U 4. I jl 1 sjLt^jl Ojl ^jJI 

4_j_j_£j_£ IjLuajI (j-jl» (J^-^l 4 mi ') cJSjJI . (ju^ o j,l U t 4 * 

^jJI <(4jjjJl LJSj-£u)) L-fllj^uLl JuuJi J Q^" i nij <(4_5tJj» L^L^j-u 

(^yiaJLJ ^Vn in CluL^ Cm ^ oljUu ( _ T 3 ^'v 1 j \ jju£±2}\ 4_SjJl>- Ll i^^a (jr Ju 

^ 1 r>i r 1 ^ jJ Mi^LLa 4_i_cj (jrJ-t^Jj-Jl jLjt J-oJj .4 <i > <MI Cj^VI 

^ ^LiJl ^jj^Ul ^yS Jl_*-^jJI Cj 1 j U r. Cjj q " , ,,| ^ t ^j^S/l 4_3>L_>Jl Jjj 

^ ^ * * ^ «(j-ujjj ^jl)> j j Mill ^^UTl LaI^j>J (^yjJt jLl^j^I ; T JaL>oj 
(jy j3 4 "itn mi J t ri JiJa_3 i4-usL>. 4 j frLi ^J^LJLl ^_JuL*Jl .m > a 

tjr l£. J i^-v 4j] (Jj i4_Qj|j 4 1 n 1 njjQ (J^Li* £jjq 4_j! ^Jlu h(4_=*-j , ■ n a 

^-ppjJt 4 o^U jLudj^I 4 1 . ill mi La! ,4Jj^jt^s CjVI 2LLsL_u£) L^L^I SjL-ci 4_*jLu 
(jT l£. 4_Jfl>jj3 ^ ^3 t4l UjlU Oj^^I J-jjS ^^j^Li-aj /J''" L^J ^U9 

Jjkjj i4jjLjJI ^jj?tiJlj j nil 1_iLuaji iSj-^^ 1 ^ ' ♦ LqUi i ^lla-v ^JUo 

.4_<UoljLo 4 t m 1 nys -S^^J l^A*- O^J-f 
Ls ijj-ic- - i iy Q _y^\ dy ^^^dJ^ 3 °J~ J ~ a - > 4., ^ ^tdu j-a g j Li-lki Li ju-ajjl (jl 

^-yj-u-g-cuJ I ^jj^^lJ I I ^-ssJjlo 1^ * « Lt-J^ M ^ l^^- 1 J <( |* Lj->J I 
^ Y^C dj) 3_^^jjJ> 4 mi.mJ ^jJI I^Lj JL^ualjJLl p Inrl ^jt 

(Jj T jJl-jj * 4j^j 4 <aj li.ljy 1 tia^ i^£^^Jt 1 11 a J mi! CjLjLlj 3jLC ^j_4 LjJJ^a 
^ Ljj^^ i4£.lj^a ^ tjSJj (jJJ 4 j^LS Cu'l£ ^Jk 1 

_ Lblj _ r.i^t ^ylil ju^jJ.1 JLac? ^ j ^.t JI CT _i£LLa j^ii oJjLi 4 JjL^i 

JL-LOjJ.1 4 U iVtj cjJLlxil JL^IJ >(J olUjTI ^Lti_JI C7 Lc 5 ^ j ^ Cj^LjJLaj JL^jI . Jl 



ijr 3i JulS^ <> i .i J iS>j-A ( j J u-Mlt ^jl (^Jl JLjuSj^ ^JJt-^J J I j Q Irij ^<J 

t^.) VO ^Ll J ft j m i ,il L_bftj-*-o ^jj ^jj jJl ^ 4 \ JLaJa OjJU>jM j> <r-> * 11 

4.'£j* a i J-Ia^ <i r nj 4-C. Ij^q (^JLuo^ja jlj-C- cr^- ^-^-^ Aim n|->6 ^)L^ 4jj J^-Sft 

OA * ^Ix, ^ jjl Ul i .ill 



xJH ^sJUJI I Ju* ^ . 4i_<urw. ft! j a 4_I^>J ft c-t^ij^Jt J-*! ft-« 

^^yic ^ ^jJi ^oeJuil CjI j i.o L^i djjftlaj Genethialogy « cr^j-^ \ f^-d > rt 

^ ft* ^y>. ftj LpL_uLpJ 1 -jx. 4X-j-fljJlt 4,li it j\pt ^L^VI Lai . 4X. ft Ti a i^^>- I LLua£ 
^C.4-i-u.J i (^3*- ft] LtTu. * mI ?&15 ^ft3 jJLl ^JjuTtJI ^4 LljuL^u! i— >J Li I 1 1 tjLj^JLl I JLA 

^1 ^ till ju IjftlLij l Ll^-Ocoj <L>t rtU CjL^j^I (jJs IftJLuu fj\ <LcL^j>J! 

4jL9ftILa oLsLai^l 

*-u>^t j) ^ lj i IjU^JJ i ( _ r L3j-iUI ^ajr "J Lt 4ujL3-a t 4 j .a,." ^Jl Ij. J-sut 



k&lnJIfoJLc 

. f. 

~\ 

(j^-jj— oil ^ L ^ja^L-i-u % ^\ j »\\ ^\ y}}\ ^iSLxl ^-i^.) f U - ft- , u , J I |J>0 

4 j *i mi : JL>-I j Cl9j ^3 JSj! 4j^Aj J^Lj>. t j J a t^r^J^^LjJ.! j_j_uLUIj (j-aLill ' 
d j \ 1 j j. , , . t ij d j r N 1 2Luj-«Ji CjLiw^pJl cA't a JL3j . 4_uLi-uL<-uj 4j JLufcj 
Qrt <t,l »tl 4 4jjlg jtl ^yaj i^JUL^Jl ^AxJt < n < M i l l Jj-^J i^^Jui^l ^JLJI 

aUlJI jlLs j'^^ IL> , , iiTtfTl ^jlH aLlJI 4_j^^ < »V1 Sjl.^* -»JI J 

S^jIjlJ 5 Ah -Lt I ^l^aVl c*jl^3 .CjL^jJ j. Mir ^ Decans « 

<-dJG £j^_Jl ( *\\ > 4_>*jJlI Jjj 3jJI JuJL-5t_lll Ljr JLl i(Jrt-*_^i Jj-aj U^J^^ 
<"<j j .4<ii<it <"»q^Jl 4, %..t. m< H < i£l ^SJU ^jo^jlJIa J^-LaJl da^La-v dJa^tijl 

. Cj I j j <"i 1 1 /yj ^IjLa I J Jul )r\ t") fj\ I ^ iC^J ^^.scJjJ ^1 ^jLfl t4j al.o mtt 

1 m^.^Ij LLsJkJ! ( _ y jiL>«j ^Jl ^JUlo^J tjySJ ((Jj^jjJl)) J 4_j_3^_*JIj 4jj1 i,^**i ^>^?lj 
. 4_1jL3 i4j-i_oLfl JjoSJj ^jl l jSL<u 5lHoL>J! CjI^jJuJI CjLtj)nr ,4_^ljLuail 

(jj^LJLt ^LUI o>-^^ J^'i' cr^ - S ' JL V^ utSf^^H^^ pLaikJl JoMj ^ fjlZ 



^>-jj 4_j! 0_l>. t 43LaJJ^j ^jfcj ((^jjcjlII ^L£L>. I ^1 j_uSLII (Ji.jJL(» udgjjtll 4_iLj£ 

Ljjjj? <jLj Jj-JlII ij^->Jlj jJLi \rt'A l£j J ' " ^ £J (jr^- ^L-jSUt 

.djLcajtjIj jjtjJI (jLuaoS (^rul^ii 4_La <"r <tl,W3 (jr La_<_ojJl jj) <r>t Ti 

t~A . ^ ^1 a Loj^ rt 3 j j ^ 1 c_.<**i 's ^^jjS Lot t^nj Pitl ^A^. ^^jjS CjVLSJUj 

jl^ ^ j ' f I ^jifULJI ^iLftJI (jL£ oL? '- 1 ^ jjL_Jua_« ^Jl I jl Tt faul i cu_3lj 

* ^ J T '**' ^ 2jJL5fc>a J^LSjj It'll SjjJLC (JjLujj 

Juu ( j^aJLxJLl C A ^ U 43 Jl-lIjLLo (jr Sa Lsu^-j-u -> Tt\\ < nt i>> i^LouMJ 3j->JI 

j-jjIj J^UjI CxfljJI jj>-*^ <l£ j mi^t. cJLAJ! <j^Jlll ^ Jj_m cjIj3-c. 

iCiiLiJI ^Ll ^^j^Lj <^JI In rtj OJ? JL-S jJLLJI < n n. < (jjl CjL^LjJL^.VI 



4 



U U n^aJI jjprttJI ^ Lsf .jJ^>U >L*£Lo LgJhM^ 
^-jj m i " i f I ^^-3 t,J! c_j^L-uVl V*i ml jlaj-ojl 

jj^a j, jSJ I j JLuajfc^UI Jul n tllj jt» - -j? <JjT 
i^^-ci J-tVI j ^nl t i U i o L&^_uL3 J * ^ , M^tt 



SuudULiwUI 6 jLoaJl 6uLu^uL^JIg fogJbaJI 



Tl ^JL> ^ La.lt U JLJJ Usju* j 21! ^ o.UU >£AjI 

, CjLj^ ill " " > - ^ H iDj!^__>Ji t, 4 j..j,4i jL^LutU j 4_u^^jM "i^r^ 4^jiLt_^>'UbjM 

i LlaSJ > ^j±jj4 ni U t LJL*Ji t j J a jj-tLa j jul ^ Ju i L7 ic o_3_> (^^1 olJ^cJJLl jLuLcLj 

lili ii.U j JjLs^^JI clLJjG Jjl L«s^l*-o jlii Jl3 ji . 4 j i njlolit U j-&1j-LaJl *_>Jjm« 
(Joj>JIj Zj-sula ^2 UIJulo (JJLlA JjI Cj Lj I jj) 3 JlC juj , 4_uj^ 4_bt-Jj JlJjL*J 

, ^jjv^l 4_j JuJu>Jl ^ Llu->. ^ j-oqL-uJ,! t^JeatJj LLaJJL^-d ^-ojuaa 4jL^ 

1 j, <i ^ U^^f ^—4^ (*L<i_j_aV1 (jV >^ g-lr £j — uoj) ^-fs *-La^ ^j-uj JLj SjI^^^kJI 

C^l^ laL Sjj-uaj djj^Jl jjl VI ^j-^iJl 4^>^u 

4JL<kci (J-*-=aJ ijrij-C c\ , n^ja i.tf I J|_d <J ^ I ^jLtSLJI (, n 1 <ijj ^jl j^-lLjlj^ , ^ < oj-ll 

^J^: * Mensural music (4_ild) J^I^Li 3j^jlj>JLI) 4j , .ilj 7i\\ < 
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^ cy^i-' "3^ *3j>Ji LJ .S^_u£J! SjULU! a 3 r,^tH 4l!li]1 ^J-su J^ljj 



. j y^-il \ j_j^jLl!l ^j^-oji ^yS Lj3 jJ -jj 1 U m< q Ju ^.Ir SjLl^o 4_lj^c 4-*_>-jJu 
^1 i m a i , i j r u^yj 4 In , ,, t 1 4_*aji t a 3 ^-OJ |AjJju>5 ^JiaJ 4j£^_>. t ^ i<Vt^ 

1, < <l. i 1 1 ^_U_4. 

CjljO J_jr..*L* a; 1 Lx-lJ^ i ^J-\J-Sj->iJ 1 J (^TV-Jjl O - t . U {j\umJ ,< ^ Q i I LlaLcJ ^pS^-iJLi (jy-flJ 

4. < j, .<> t 4-^3- ,ui ) _L^v jj V i J Ljv ^ I ^jyXf . 4ij L«-* 4__l_3^_aJ 1 4 yj-^ ^ 

i « ^ jJLstJ I i n a )) t_j Ljl^^ . <jr j 1 j i (j i^-^- ^ (j-^- <— ^ J-^°J 4 ^ 4\j ^ !r> ^ ^ 

i^j^LjJLt ^iiLuIi ijj^al\ 4_jL^j ^-^jjt^iJi 4_Ui JL_UL 4 n t^jJi 



IAJI 

^-loj! J_^sl 5 mi ^LLg ^,1 f 1 4JT J£ (SjL^a) J^JL_« ^ tCr _«jjij_jiJI 
^o^JLl I ^ 4JVI <_ <j^JU j-jv^o t n ir>j t ^^q-ujV I I j ^ jJj <i nlj 4_5tjjLj^ 

^LjJI ^j-u-JLll] .c-Jjlllj (> ,n loVlj tSj^LxJij ijL^jjVI 4_LaJLjj i4 t ^I^>J1 

j^jl-IJ 4 j unl-La t^j^f cjVTj (Ingenious devices J_lj>JI) 

** * 

4 < < i> 

1 ^U; r^j jjIjJII 0j'>5 (Statics \£-u\ " qj<m,M ^Jc jjjL^J 
5 4Js>Li_u I JUx*if ^jlh^ j-« (Hydrostatics ISLuLl^jj, i j ^ 1 1 ) 

4 o^U 43Lal $ ,„l uihi 4j oS-^ ^LJjJI ^VJ_A JUxl Lr _li2. (^Jlu 

-U^ chJ' 

(jjJLij La^ Ajc^iJI LjjtV^I l^^fGJLfl-a n^jl*Jl £_jjLL«» 4jLjS (jr « jj I j->JI ^jI (*) 

OjvI j L^j-S ^t^ji 4jl-^uj 4ajL!JI dJUUl J<^ju . oJuL Jj_ua_3 »_jLj J^J^ * L^i^Ll] 4_*jaL>- vl^' 

.[^jJil] •c^J^ 1 l^*J' ^lU.nH jjJaj c^ 3 4, ^,^^ 11 jjUall (OA? 



: (jr A CjVLLi (j^LoJ (jyi^ 4_*SLpJ! C)\j-±a l_)L£ ^^IbtJ 

.c-j^jlIIj jjj^cVI ^.1 oltU LLJa ^J-diJI j-^Lh d)lj^-La_> . \ 

. ^^jLlo]! jjl^oJLl 4_lITj iJ^oJI j^lj-a 4 mi^LLq Ju^_<3 _ T 
. (^j^-uJJ 1 rtjU 4 a h V <t <Lqji^ jl_a=^>.lj CjI^IoJ 4jjLall CjLsIjSLJI _ V 
.e_J^Jt]|j (Jj^cVI J_ya (jjj V a »l air. I g <i o ^jJJ^J^ - ^ 
*-ulj djLl>-lj 4_Lxixb - f LtkJi - 

, 4jjUI 4x.l ( (J I (jlj^j _ A 
1 4 g_i i . Mill 4_*jLoJ1 (j~4 fjyjjl ^.ti ujLiSD 4_ju-<iL_>JI ^ * J .t^Tl ^uaJlj 

<j£-uiJ^-cVI (jylc (j-ualll La ^jLiJI JJj (lit * JJLuaJI 1 JLfc ^ IjuJ^j- ^ JLoj 

(j£J * « QJ \ V>j « {J-d-jJ « 5 J— dJ I » ^C-Ufc 1 ^[jU Tj)—tS> J J ,t,<a "J I J J 3U {Jj* 

f>\ »l *<" **<■■) dL> _ « 4_ij J L_>J I )) * t 4_L_>J L_fc_<a jJb 4 l^^^Lllj ^jJ_j>JI 

4jjL>- SjJaJI a JLA (j I - (J^^oJaj^Vl JlLo _ j. ur I JLo.3 . 4_u^£ 3j_j^ _ 4_j^ La. i <>Jl 
(4JLt£) (J-Sj (jyi^ .V o" tj uj JL>JI IjJh (jlj j^J^o J- 56 - 1 < ">■ VI j--lxj>J 

j-olaJI ^j^jL^ (jj ^"'.^ 4 j r j) <J1 ^jljjVI (j-i j.*") 4_jloI_Jw * , ■ j j ^ J J^) 

4 nj ^ J (jy^ ijj) '^>^n 4-^a.\ V*< < nil CjIjoVI < h ts>$ ^ 3 *Q- Ui -^ J** '"'J^ 

Jjlj-cJLJ 4-j_cjJl!I (jljj^l ^/i-uCu a JjVI lJijudjJI . ^jul^Ju! I mi,* 

.^jjLJ (jJIajj JLi-^JI (^l) ^Loj^jV 1 jl t4_dloSJI (4JT) ^j-ul j n a ^IjLseJluuL 
lj M^'ii m TO i LgJ^is ^jujL^tjJi ^ya 4j^_lj I { j r a ..I j S 1 1 Ijuft (JJ^»"<J 
JUjC 3 Jl_^1 LJaJI LT ic j n < nj . ^tl£)^ 1^1 1 4 n\* a t Cj \ j " o j " j < n i LjbjJa^^ 
(JJ 3 4_a^Uo 4_j V 1 (l^ <i ^- L yz>\-uz>jA\ ( j r a ^lsjjJu^a (JJoj (J^-ujVI t_SjJaJl 



4-La I in i i ^jju! j nil Ijufe Jo r 1 .. \ > a ^^jubJuj » j>jj_o.vU j nil <.fl fil Sj-LsLll! 

^julL^UI ^-jjJlUI ^ , „ rtj .(4JVI) ^1 j nil f \ ta*\ (\ „ i) J< ,m)I j^jj 
Jn MiVl *j->iJi) ^ * * ^ iM.a.H *UI iU" cP- 3 ^ * 0-* ^ "^fil ^1 

(*) - ' " - ~ 

^LAll j-jj jlUJI ^ylc <dol inji pjJLt 1j-2j (JjL-4-uJ ijr c^jl\ (jr l£. <Jj >^> ^-It 
(J j 1 1 n (^^ic- *(JjLulJ1 11 ij^" ' " >-L/.r <JjVI JloJI Jteljjjj S^iaLlLl ^L^jVl 

jLuujJ 5jLq-^ *LJJ (jr^J-^l UJ>^' U^^"' L?JS (*^J^^ JjJ ^ ' * ^ L-jj^JaJl 

^Lotj U-4 ^jla jjbj i ^ * ^jJI • jj^o (4JVI) ^1 jnll LuL^j 

djj J/VI ^JjJuJI LT k: YY j \M ^Ij^ cru ,4,1 , ,,1 ..,,11 

. ) " ^ j ^ * A La 
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jhjtn L-LlJ (ilaLUl 4JUU I jul) 4a£L>J1 »— >ll£ j^o 4^U1 cjVLSII 

J^jlJ! ljufc l. 1 1 .uSI Jlflj .t MM null j (4,,.Mn;H) ^Uu^Jl jlto^lj CjI^UU i-i^jJl jljjVl 
. l^ifl nitU < n m.'s a 4 J o£_>JJ jljU cL2u 4^ j J ^j^iAj (jr S 4jtjuoU 4jjL>u Cj^/Vj 

SjLLl 4Jlo£. JLioJ Jul*-} .(Lxjwall) F : t^irtMl ^yln mtj 4_aL>JI tULi M-*J 

tl^JI ^^ya <Ix*JI ^jj^ ^jlS tjj_j - i ^ t ^^ t u'}^-* ^^-^ J-*-"*^ ^ ' J ^ ^ 

w 

Jjjwj jLSLaVI J-^ 4_iJL) Ojlfi 4^tjLu <jt /wo J^tJL ^yJ^^-tJI (ftli-Al 

j>->- I oMSwJojq Cjj $]n juLSs iLiU j t jjQ (jj ^^^j-JI 1 -^t I jvJv I ^ 

S^jIiC Jli^ljj 4_<tJjJi jljt>-1 Oj, inf j Cjl^J^ 4 t > in :3jLa ^^^g, g, >J VLgJwl ^j^^iJi 

J-_U-i^XJ J$ nJl ^SLi ilLUj ^jlc Sj^Lc xjjJu JulC p$~< L ^}\ 

^dauJLA L:y l^\ji lLLq—wJI ^ ln**( < a jt Juv CjI j 4_u J.,t o ^1 4_j^>.L>.j 

j^lj ^ duL£ 4_j£.jVi (j! j m.1 i ^ ^j-c. ^^ic C l.l V* ^jLiiJI <j) i jbuVi 
jit ^Aa-J ^LUi Jjju>JI >ju . 4 j^ j cjLIl^Ij^j ^Lt \tn a j^jVI 
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ljUj . j , j. ) (j^_ujjjVi J-i-Ja 4—ljCjJlJI (jij^Vl 4jjJL- >. <jj <il Mill l-Sj^-C 




cL j-LOJI 



tjlj. jU» i^il-^t ^—us^j «<L- oSL>JI jji^-ya)) ^yjjLiJI gl o t ill ^jlII tjlj i oil 

. ^jUtU c_jUj-9 ' *\ ... j-Aj t^4Jb JL_>Jl tjl " i n iLjJsLt) «Cjtj*jk» i mi t m£Jl!I 

I JLA ^ <J Mitt Cj1jL>jI Sjj-S Jj-4JJ i4iJ JlJI <L*JLj CjL-uLloII 4jLlaj 4 i^ia 
g.^ mi 1 1 1 A" Lojuoj ^ JLdJu-u LuLb Ijl^Jj . 4-lj.j j Irw H ^Lj^LdJI (j_>a ^>^^ 

M-fl^ O J>J U, a d . A*t C<^JI ^^yjS Lj-rfyJ t43lJLj-jlaJJ IjLA (. i^jJl! 

( J j-g-tJ I ^l) t_-t-uia2JI .J-clSLII 4_u£jub 4-*SL>JI ^jIj-l/j (X _ 1) miTI jjud^j 
^Ij^- 4_*lua (Jj^ J^-* ^ tj <i i^VI (j-uL*-!!! ^ \ Jlj JL_>J I ^j) a A 

Ju-C C <"ni"n A »L*a a^j-a 4j ^JtlLaj i^jljJLa 4_!jJaj d)lj~in > r n A 

j ' « -Sj^-*J \j^Sjuum * ^1 jj>. cUjIa D (jl i mUI . B 4judjl_tJ 1 mn ) 4 tr^ <TI 

(j-a (l)^- 4 'C^V-* J-^ ' J ^ " ' " * (jr 1 ^*^ 4 3 J 6 T'V dsLt-c J-Aj ( L_A_u-ia_iJ I ^Ja tut 
. t * j < >« ^ t i < i ^ 1 j ^Ilj <i t in CjLoL>- E (JT ic Li ^Tr\~ . B 4^u3jL«Jl £->3 ^jtjJxJI 

4jteJL>JLl ^5 *4juIjJI :J 

(a^^tU JjUJI jLlcJI ^UjJl ;K 

4^LkJ! (4^111 4XJ!) 4iiJai :P 



IjLx 4 rtj^J CjLoL>. 4 In r mI <a til ^j^Vl CjLoSUI ^ J 4jLojJ1 CLcBlc 
jeJo-uJI ^Ja (jj n ui) Cr* ^^-^^ 4 "< j "< a ( jVj-fljt) c-dt^aJl JUJL_>Jt J^x 

4*^*1) CryL^ ^ (ll^;! H 4^)1 (^tJLj) N j L ol^iJI .yi.^ll tfjLdl 
(jjl ilJT j ih.j ^ j-jJI ^te *l>$It ^ 3jU Cjjjj lite * La 5jU e^^iJi (J^Hl) 

<1jL>> £jUjL<Ljj9 i—iJUJuJ) j^sc_4J {J-d^Jl l\ jlj ^3 3~^*~'^ 4_jt-oi_>J! 4^j^JcaJ!j 

4jI ^jjLJsJI jljLIj LJjGj * J£[£ fj\j-A.\ < m ^yja ^Lsfe-justjJI 4j9jJl u $ uaj 

. UJl 1 • : \ <jJ1^k cJJj 4^jJI <>a 4JLc 4^jJ j^t 

^Ilj *Cj1 j lo ttl £ Jufe . ^ i^\ V 4_jjL_>J Cj^—aLaj 

< I II 

^jSLuj * La 4^ j < i <i 1 ^jJ^ initti ^XjucoJ (j^j.Ol Lu3L>> Lai (_^Jjt 

: Lb jJ O^SLj JLjJu£. . C Jjb 4^j I mil ^ 8 2jU1 Q}j • ^2 3 ^ 1 3^ 

W W - y X 
S St s 2 

W(S-S|) S 2 

x = - + 

S 2 - Sj s 



OJJJ O^-il * tj- 4 4jj_£La CjLLj c ojj CjA^" l> J? ^ ' I Kj 4 4_J_}1 alt 

fslj-^Jl 4 i j » 11 fjjj **** J^-V ♦ LU j *^>-^' o-^ J-^ 4^j i atW 

[jj— ] 

L^J J <& 4j| £^-JUDJJ (jy J J I \ I J— J S-Jj . £ LI I (jr fl 4j_J — *J ! (JJJ 

LI I 4 t j j 3jlj^>Jl 4_>-jJ ^j^o J£ j j t"i 1 1 * n LL 1 4_sLi£ j j tl 4 n j n ->J 
Lj j i Vj 4_jI < nm l 

L$-±lcJ (Jl^? ^ cr~^^ j ...y ^cl^ ifi < Lj^j^j 4_jLl^ ^jLs 4 4Js^Li-ui 

t^jjjLitU 4_uoL>JI oLcl JLjVI J^_c. ^jlSLaVL (j-u-jJ j * Lil L-aj^jL^o ii: 

oLl 4 j «UH 4Jsjl!L) jJLJI ^L^la^U 4-ajIjJI ^jL*UI jl^I 4_jLl^ j i ~ »jj 

4 j~v LLl-u j j^j V I j ^ j*^ j** ^ " - ■ jj * j jjtl j a I j U. 1 1 4 or 1 jjl 4^LjJ_ = uo]I ^-j-t-aJ I 
JjIjuuJI ujLuuu! (tjryt^) o^- i(4_l^L^Ji djIjUJIj JjIj-«JI) 



** * H 



» I ^ ~n\ J *(Jj ^H) 4__£.jl jjl CjVV! ^,-3 CjI t-eaJlj CjUj— fl— J— <-uJJ 

£yt fj *?■ " j V frj^fc^ t *-_»Ll£L!l ijLA ^5 4 1 >r-» II oils Jj ^ ^tl ^ 



.JIjXI Jji < fi (jJ^- o"jfi3 ^JL^JI crlh*^ ^-u-tt-oll oVjLtx 
^jjlSj ^j^- 3juuaL^ ^jUIL 4jL^u c^jI£^ t5 j 1 ii.i i^ll (^JaJLj jLi^jVI <*j}<\ * 

4jL5 iajJaLLlt)) ^2 ifjM^A-Abu Lot . is** t]\ j aIjI^U 4_j_>. ^J^SLtxxJ !j 

IjLLlx) 



*LijdiAJ! 

. '** il • .\VI 4jjJaj Jjt^o j^aVI 4jL$j <ys JjtJ JbJLx 
^jM-jJH jjUjlI! oj-aJI J J j ~* \ <j I j £ k j <_3jjj<j „ Cj LjuuajJ I £^jjLj 

CjLflJjJU Lr £ SjLiJLC. Lj^J-C ' ^! J**^.'".* J"**^ Cjj9j ^j-A LgjUSJ^C. 

Jj>- jj,l ^juusla! fjyJb t L ya^Jil\ <Lal, i" i ni ^1 J^ol^C dJLC <**< 

^jj-^l 

l - j? 

c-j n 1 T ^ i X L jj I <_*jL>J! 4 .1 r j t bbjj i r^**> 3.' ^-sLf^-l<a_» JlJ (^j-atj 

1 Jut <3>^L9 «4-UKjJj)^^ rntlj 4 J jj j j tiiiitlj 4— uLjj J rttl i_j_ttjj>JI (JjLJLo 

(jy jjjJ^_") <j-u _ 4 ... A\ ^JLjlJI JJLx. LjI \ ^ i - t-jJuJ-lJI < 4_i5> 

4 \\ *\ .t+Aj~ *j J^jI£l<j j j ■ - jlAjjl Jjl_>- ^ jJl jjb J L>oV 1^ «•— i l t m VI 

(jyi-C '**^Jj • ^ <"m ojj LaJUC j-jufljJl (Jj^>oj .^ .jt" r n a I jLuaJ^I 

(jpfl (^^jj ^ ^"lo 4J_i_u (^JIj-jv $j in jti p~ j ^11 (2>j o t il ^k JI tjr L^ ^jI jJj 

4_J ^ I ^jj :< ^-tl^ A\ jj t_j L"l5\ 1 1 IjUb ^usjj , (CjLjj tr\ Ml c_ sljJ>) 
4_Ac ■ tXal ^ j^jJI ^jJLl (j^J-^ (1^ ^J 1 -^ 3 rth V <a t jLl-^j^I 

Ll^jI j (jjl Ji*j5 .^JLlSJI (jp-^ (j^ J jl^l JuLa Cr ^LjJI J jlrt "t l 
(j^o (j^*-* ^ 1 d 'J jl '^jVl 4_iL*-jlJ j j in n **< 1 1 IjLA ^^yiil 3jLjJu>» 4 j j)i4 
j( ' (Jj f ^ ; ^ p-1 • Mill 4_jjJiaJj ^ 4^aj $£\a J-~^- (Jj! i n ^ 4x.i j t r> 

j!t^t 4_jjjJI 4_ufcL<s j J ^" (jyJJ I 1 Qj-B , I 4 ii i n^La c_4_)L>- £ya 4 I o {j a 



J^j j * "it < In 3 f\<\ i^'i CdL^ c_jjLj>iJ ^Ij ((djLj-AJu) Lgjl JU 4 a- j > 

<i W t i < 81 1 **- \ \ 1 (jjd (jjJj^ 1 3 j_Laj>J I 4JjJ^j ( JlA j y \j * L^j Lc. j ' A J Cr^J^ ' 
m < ^ Haiti] 4 jl tLaJI alut 4_c.jljJL $ y <jL nil {sr £> 4_iJLjJLt 

> 4_a-^U BjJ^JLI 3j^J1 ciuL^ ^JL*JI <L3jji^i 

Lij! 4JUUI ^ 

^j£Lftj V 4jj) ni "ill jjjo ^*A_*_a jJLaj j {j II ^j-il JlLc j j^i n *t 1 1 (J t ii 1 1 ti" (^pa^-ju 

4_JLljl ^jJl C-ljl ri.Vl (jJS CJpl L^jJ <±i-CW i ^ mi dJIjjVI tjt in t » tfjliLflV 

jj^mj LdljjVI)) ^yjb ^ i, lt „>ll LdljjVI 4 iU r ^ csJj^" ^ j ^ j^ti 

<( 4_jj L^_c )) J ^^oj t "ijj (JjVI jJ-taJI ^JLl 4\*y m (^jJl miTI w<4^j ttb 
^juueaa I . L^jLc, 1 *i i n Lj ^L^J JLaI mi n\\ 4_^j^_j»_<g ^Lxiu^t ^j-*^ ^ * 

tw >^ajl tf> ij <j I (jj ^-j^ LjI <rt (jL^ « Mill)) (j I L^jJLjO JUfel mi 1 1 

jJLjj 4_j1 4^vj jJ I Jo- Ij j i rT°\ ^jjjIaJI ^jru ^ i^rtlU ^^o^Jl (jjSuj 
. ^LjJI <— 3j t'ttj (Jj^l ^1 i ii 1 (j<-J 4_jJLaj JL^>» 4Liil J 

4Ja.-w^Loj j m III 4£LLa !n~ i in 3j^j->> jj! 4_lLo^JI S^Lojl j Ju& JM— >■ 

4_x_3 t •* 1 1 ajl • a J j ^ "n M " 1 mi^iM ^ ^ (^\Jat j I t u 

SjJaJU ^.mj L_« ^1 ^gj-^-iJa ,j^_>Jt jj_*-4j ciJIjjVI L_«l . «3j,_L.»U 3^_5Jl» ^^ji^^lJI * 1U .^.^t (*) 



Jf 

^-3 (j^>n 1 c.i j mm I— fll ij-kLlja ^_ T Cj_i ^jj ii <n 4_jjLJiiJ (jj-Lc- « j. j j-4..,"<J I 

LJI 

tc j£LI .4 w„->JI oL-TjjJLl 

(_----_ 3j_iL_3 Jij-J V L^jLfl i<U ^Jo LLo (j-^-^j (j a jL-acji In" 1 <m V 

LfJJjJ 4_LLt>Vl ujLm.Vs! ^.Jl Ijl Mini La 4Jal ,1,^ jjJljj 4JLw t JLtJLI Jj 

^^--^ ^c_-bj_LC SjL^oj Bj^xi-. j-l->l M-lx ^ 1 ^> IjV 1 ^_^L_u_A_3 (3jL-JI ^£Lrt_j 

> CjLfll 1 11 U JJJL_U 

m-»JI ciJIjjyi 4 jU «J 4_j^L__JI jlj UVl d jub ^1 _>jI -_aL_^ I 

<:lj ml L-_< L__- 1 ^.Jju Ijjbj ta^U ii jtl) ( _ T _iljJ! ^ 1 n ^kJI __JIjjVI» *l n > L-4 

4_____Li C___^JI JJa-j LaJLu *4-a_J ^ jJi ^1 tj^>- o M ^j_i_cl_JI dLJuVI 

♦ L^^-4_-t-xi ^-Js ^Ij^wVl 4_j__uj 4jIj ^ 1 11 -»JI _>VJ (J-i 4-3^L*JJ Lj___1j 

jj-C t inn <jl (j£L<u 4_fl^_*JLI (jl g 1 1 1 ii" »j 4L4L-IJI ^j^^-st-aJ I _»JLA ^JluAJ 

.(j-vl^JLi -.JIjjVI 

- ^$j-J 1 ^ _ 4_3j-JtIt L) ^ 1 r> n " ^c_Li_^Jl ^1 4 ji'x- g't a oU-uti ^oJbl £jl 

*ijJJL--»J 4_j6»jiLJI uLajiji miIL 4_*jL_9 Jl^3j . JjoL__!I Jj__3e_a ^--Lc oVl 

: Loii 4jj^J i 

^_J] 4 i (i ^ya i JUj 4.4,j_i7t.t.-.a c__tjJ___>> ^Juc (^^Jtt ^u_u_>Jl ^jl _ \ 

»«juLAjJt Ini u » 

jl 4 4jI Jlj I Min a tjjSLj ^jl ^^^-^fj t !l1_u-^la (jj^JU ^ i ii 'Ol (JjSLi <■- < y j - T 
^1 i roj ^1 I tj-iJaJJ ^^SL^jj . I ft 1 1 a (jL£ Ijl 4 j "wjL>. jjLu^j^j el i n a 

QrtUinJ (>VJ ^jl i nClVl) L-fll UtWL 4juJ^U1 ^jU,,.t1 ^ ^ISLxj^L) JUbl Mill 

»((< ^jnMitlrt ^ n Ti V o 
4-j| JL->-J < **m t^j j t, .ft ^J?e-J>- lli L-uajf (jr^P 1 ' ^C-ui_>JI jtJ^J ^j! <■ i tcj _~ V 

. (j-yLixJ! j\ in 4 j n n ill S^aJI j j t**M 



S^joLLujUI 6jb__aJI r... v.qMj p^JLaJI 

jj^_>- j (j_ajLt_au»-j 5pl__t__t , _M 3 Jl-CmJ ^cJ5t__>JI £_« j j t*n <j1 ^ » in mil dJUb 

• ^tl ^jufc Jta_)lj-J S ^ X ^ < ^t3 j > c_jL_i£LI1 L___ i \ n tj 
oljL_j_J!L_>. , _M Jaj^-tfu ^yzj-C I t L^JLu 4_J.il i, 4__5^>1 *JI 4 i j jtnj 

1 4_jjl_2us t % )-/^».->j . ^ , „ A > C<_9^J1 4JLj___lj 4 Uj i ii > ^"i i 4 <j j ill mi <a 

^L_x____)i . 4_jj 1_>*j *I^__>.Lj 4__uL__Jt 4_J_jLj_C. 

4_jJi (^JiJj V L.i^>j^ <i a Ij L_a Lc J o i nl (j-vj — <i jlU ; L$-J JLib ^-Jll I 

" Jl 

till i4_jL___fl^j ~ jf tL_->jJa JjLAJ <j V I J t " <ii a ^ "m <j 1 1 ^j-jl tjLf> tj^a^M 
4_>jl_>o ^LfujL j y a\ JL_U . 4 j ij^s^ul 1 ^Llil I j_>3 Luojl t"a i? Jl_v^ 

^jL_1j c-JL__>j .jL-ju-uVI Jajj— ti 3j ^ ^ ^ JL - C - * (jl MidVI) 

Jjl La-w (jL£j . 4 j i »iL-uVl 4,j <jUll (jrulj_aJLl ^-j^-Ajjk ^-j-j-Sj ^-JJ 
4_i5CJj ^ j ^ j L_jjL_>tJ 3 J C La J " iii a t— fll UtiVI S^JbLLa ^JL-^j . {jyjLJ^£ 

. [^pll] • Refraction y-JL^Vl J^LWJ 



Jaj n mil 4_jjl j < -k a rLp (jt-^ 4Ja}»L_*J! mj <jl i i^jl <JjL_»* 

bjj i^ifl i alU>Wt 2b^lj < tiiy j; $\ i ..j iLaj n mil lm^.) SnelFs law 

A \s+ . .. I j i j j . U 1 £_) (( C <■<!■■>■ » ^^jJ I 4 .1 \ £j miJ (jy^-I - 4_L>» J^SLj-i-oJ I ^ 

t \ . jJ J_U-u-flJ 4_J jL> j-L-jJ I Cj \j j « ■ » A~ 1 1 £j<LJ l_J^L(J * JLAI mi 1,1 

' ^- t j_ju3_jJ 1 j «>> • U 4^JLL>JLl '***! ^ . t^tlj £j_jiJaJl <i "ill 

i _ ;r Jl (^j-i-a-JI c_j ua_*JI J^-Jo (ji^-J 0^ «-JI (J^L_j>. djj^ « J L » j »j) 

I ^ 1 j * a J_ J-^ ( *• > ir j T I jj-a JL-J^JL) ^3^-^ 3 4 ^1 *4 1^ 1 ^ \ u <t j 4 i>i oLc, 

jLj^LUi m 4j! VI i^jjjljj «^liLtX! i_)Ll^w 4j <r>i (j^j ^iijJI ^^i^-j 
<9 tL>lllfl Mitl L-flj) « .1 «C 4_lk^^L_fl ^ Camera obscura «4 <\ \M] 3j^st-^JI» 

JU£. oJLLA ^j^JI l-SMJlJI ^LijjI JLjJljhj j-«iL>J i° ^ ^ ^m.,, uitl Jjuoj 

4 j 1 X Ljj^ 4_oLj^_l5 CjIjL-ljLcI Qja 4_j_<v->o Lo_j JLjAjlIlII 4Jl1LjJ1 ^_j_^Jt ^j_)l 

. [^^JLl] .11 Final senson.- ^jj'r J^^^ (A^' ^h 1 ^ l (jj^ ^ (-kJjJLl j^£. (*) 



{LuoUUuUI SjUoaJI i^A Km V1QH9 pgl&JI 



I ^jhr (jL£ t(^jUi itj^aJI <LjJuj>U1 2L^jJUI J^Lx s-*J-*-^ i' 

.(A, I. Sabra in Encyclopaedia of Islam, VI, 377) 



5 



^1 Chemistry c-LajSJI <alc ^yk. 4JVjJJ 
4J$Ljt_d f^SLS .Alchemy (4^jjl_SJI A j, * j<tl) 

^jla^ •**(**> 1 if jljl! t*J^Ljj »LaUll ^3 

^ ' ' i nt i^ « g.1 j 4 j "n il >) (J^^ ' " C r ^ - ' " * 



lluk ^ jUJI (j^jljll 3j j ^ JljM V 4-^UJI .(Lj JW Jt) Ji-Jt ^ w Jl^t 

JjL;^ ^jLiiJJt ^Xa 

/ 4-Jft < <f> j a i d 1 "hJI » ?r i [*\ i^tl / —a l-Sl_>JI .„,,,.. 

JbJLftJf t^flj, i^j^uLt-QJ^Ji I ^ a, V Vr 1 nl £\\J\ 



(J-j-3 (^yJutll 4 j n V 3jJtLa CjijL i r j <tl\g ^JiLu (j-* ^ jltWt Lcj 4_^-i^Jl 
j-a- < (itL 4^^Lc 4J j»Uaj ^1 (j) jSI^JIj , 4 j^U ■> (j-a 4_> ^JLilLtiuXi 

n r (j^^-C (^1 ^jjj Jj) «rj (j) 4jL_i!u 1 1 a $ j 1 1 I— a J ^ j *mII^ 
jlj— ljj I (jj-La^L_*J ^yJI Q^-±Ji\ j o j >t1 o I j \—A LlJLcj t 4j I ,. \ 7t * 1 1 

t_J^L-ul LiJLj . ^ I A Jj H j-Jl-C. jL»-»V 4 J l-LM-Ti.! la jL>Jll j*l„t y**l r nLj Lt. O J I 

^ i < n "n * ** ■ j — * 4_u ,i3 1 1 CjLoJ^Jtl LjL_u (J|j uuJI ^_JL*_aJI J ul) J — A J >■ I 

L^jL^ ujJfeUo jJUj ijy jJl 4-mj) i ii, vU CjLajim ^ <t <a l£J ijjl i U n*4 ^o-^' t ' o 1 1 
(jSLoj 4_jJLuiL>Ji frl j o tl ^jl i \ n " ♦ j ,jL^ itiU j jjx. ^1 inA .^j.iuajJLL 4 I i s\ "< a 

, LglLujfjJ^ L^4^>u LiJaj I ujj) I U t, I CjLLsjjU^U <JjL$JI ^SLII 
(jSLg.ll fj^A ~ ^ J "' > J*— aJL ^jr^J — CjLjj_j» — uail dJUfc ^^JLcj 

p j t~ jJL£ I MMJJ *4_lx^Li^j^I <;! j<i j Vit 4JLoL»i 4_t-ulj J (. 

4 a 4jI£Lo tV<ll) 4 jl aLjJI »1 j <]j^!i dJufc JlL>o .«(^j^)JI j nn ill <J^>o 

^^ylc ' ^ * ■ ' * LlaLqILaI . ^Luoj^>Jt ^yC J^oLJu ^jj^dJ 4jIIl^ L-^Cj La 

^11 Laj-uLI) I juju>oj ^(jj^JI) ^JUJLj UoLujI ji^Vl ^.ujJi l-*jL>JI 

CjLajJL«-« Jl>-^j ^jub 5jj JaII j In ill 4_^J>>J (J-^J «4 a jjJL>Jl »l j oj^ Tl jj-Laj 

♦ (j^ljil c-ljj >^') Joseph Needham 

(^L>.jJlj . jjU^tl 4_cLLu3 J o nilj < 4_i-jjj-3E-iJI 4_fljJiil jj-jo 4jj1 a CjL>-j J 



IjLAiJ tC_x_A jJI (,t jln") 3lf>L>Jl <Lq iVli ii U jj 1 t ^^ifc « ( ; r it) jd I Juiiuj» 

^ja < ^ i A J ILj 4 j ji i"> liijl .j i n ctj '.(^j-^-l -il^-<u e-ukJ-JI «< rtj^V djL>uj 
dJufe JIa In f ii ^jjLGjjLi jT tdj^T ^jjl . . . JSLuJIj LiijjJI^ j-j, V irnrtllj ^j-ol t ill 
4 j n! M < <j mij— 1> j{ t^tU "TLi frM-LaJI te-ubj L7 l£. " -s.U lILj! i mil 

^IlC 4 j i n ^ J .j^uaLlaJt £JlA ^ic ^£ j-Tou SjLxLd ol_i£j_a jl jtjjjjJt jl J^jjjJl 
j tin irvl ^LlJL) LqLaj LftjUd <j^£L) JL3 4_jV t 4j^jfc^_>. Lufc ^j^jjJI 

£j} 4l-S*JulA (j! LaL^J LSj JLj4 ^jL^ j^Lll £jLu^Jl . (- « A j U 4-jLmi <ft J ^ In 4 

J 1 j < 1 A J (jh V < iM jLlL>. VI IjLA ^JJ i^U JloJI 4-OJ^jJI (jLst!L«l 

***** «. * 

^1 SjLfllj ^^-^.l ljjIj-lu j-«a 1 (j t j ~w J m <i nj 5 j miLj^iI Ciljid 

^*^Jj a 4 tin lit I j (_« A J II i «n 11 j V 4_2J3j_Jl jLiJL^f j-L<aJI jj- 43 3j r <n 

«(_flL>JI J in At! 

t4_i.,LA j 4^j j 1 11 ^ 1^ ' " ^-j_ur>^)-jJ 4— i1a.*.1I ^ JlA ^\Jl£cJulm\ ^j^aj Ljq^ 1 4JLc,<a, < n 1 1 
^ 1 n^tl ^ In tj (.''ij 4_ukjL>JI <—> 1 j U 1 1 4juxoJIj ^j-ul rr til ^ ■ »* tlU 
(jl 1" .^Vl 4 Ij mij) c_< A jJI Lib*^J 4_uLtejl 4-ja-, ,j To j_-v rll IjiA ^^ic jJLxJll 

»L)J)j""i flj^ll ^1 *n n 1 1 1 Mrij I ^4^X. 



. ^_u4>L<aJLI ^Jb) j^J 4JjL?fc-»j ^L_o]l i ij t(jr jlj j ->JI j^nll ^cj ^yJl Ojl 
J -l » J JL3^ ^1 Cj^ j " r I <— >Ljj. In j 1 l_ul 1 <i jj^uJ 4jI i j)ln 1 njt ^L-ua J rt ^ 
< ij ^ J^-j (JLfl 4_jl_3 1 1 J t >a Lo^j >tjy jl j ^tl j<<ill <,<lr. V (jjwLj-uVI 



ji^Sujj . jjLJIj ijl_>Jtj <_aL>Jtj ^. (Upl ji^ jjULI (j^j « 1 % tM jUj» jri^t 

L-flL^ + jl >. - jl L_JI 

t?J + jl ^ - *tj — gJi 
i t < + j j I — j _ #.1 II 



(j-d (^1 Jj) **- "ill 4 i ^ <a j j trt'tr Jj$ <j\ i ** t j -wj . I JlSL&j <4jj_L>jJ1 ' tn mj 

^ jJ^T ^1 ^jjl J^tl* tjt fj&ju SjUI <>* <j\j* *l£>^ j^LUI 

3jj-3* jJLl juuolJLtJI u-fcj-uj Jpsl^j-J oj.Asn ^-jJuj <JT< jjfcj 4_Tlj>J L*_xj ^j^jjJo 

j^?cj>. )) ^_i^L) C-J&j-C 3 jL«5 ClaJ, V " i tt\j ifj nj K*i1l jl {^JLa-jJI jl ^O^J ^ **< II ) 
3_}UU ^ j in . jl^—d 4-C >• a <LdJj^a " J J ' " ^ ^ " jl «4 n < n^LaJI 

^Ij^xl (jl^J t3, 1 n » a 4-uLi» A CjLJjoX. ^I.jlln'n L^L^uJ jl ^JLl ^ jy ic L^d^LjIajj 



j^aJI 4JLLI jl^L ^ LUI ^L^^l JxuiU j^jJJ 4.UU^ jljl 4 u „ n ^Jl jlS^Vl j 

^ 1^1) VI cr^ J^'Hj « c-il.iM.il 4JjU^ 4ln>l (jSs J^Vlj * liLw/ 

(^yJI ((j^^ojlJI JLjJLjcJ)) lujjj i^jjVI ^j! j trill tjrJ-J ^LjJI ojl>^^ jW 1 ^! tl>* 



7 -****** 

<jl ^i^J <jl u->j .t" m , lU J-A (j!^ 

CuL£ ^^yjJl 4jj V> ill ^poj^-iJI (Jjux^I tjrVjQ J Vi.hi a 4 7i t {jC ^jjjLv jrCLvL 

. ^ufej.i«->r, 4^>j^jl>4 

J^-LaJLj 1 AtL>- Lai I^jL£ JLaJ , 1 ^ j ><0 > LiijSLJm a <UL>J ^jUI ^ 

Ci LLa ^ U -^JL 1 LLoj /ya JJLC VI . « A*%< ^ j" , n nl^j II ^rLul j.<a j.>Jl CjLtLl^ 
i jjuj6jJb (J!La 5^ J ^ i*<i jf U l n I L-ti J m > ni n < til I ^ <ilrt» a J*! "»-J j^jJI 

J— oJi—gfcjg (Cleopatra IjjL»j-J£j Moses ^^j-^ Isis (jjij^jj * Hermes 

^j-d _ tillj J tt jjj >. Vl CjLiJjII tliAJLuoj O^l—xll J «J (Jj^l u— a 

(*) 

4_cj_ £J ^a L^j^-Sj |»t * * j»Lc l^Ji iL^_a 5 1 mir A Zosimus of Panopolis 



(LudULujUI 6jIm»JI ivm Vipllg p^laJt 

<j£jj iS-jja^LuVI l^Jj jtrn IjjJ^a 1 j mi nj ^LaLc Cx!sl£ 4 ft t m U\$\\ *:LtA-pJl (j! 
^ j^jJI 4jUol Cj^Jij . l^jl^ljjLLtulj t fl"*:.y*t 4 rt 4*"<[\ 4jjlnt! 4 t nUll ^ 

(jj^oJI ^ 4^1^ JL*£.V tejjjLji oU*.j3 ju>.^j . -£L_JJ J_xl j_->ljJI u>-aJI 

JL 

^aljGa cL^ilf. J)>^J J-flJ *«JliJj) Juu lj^L> (j^ulj oj ^ 4_i_al j^- 

tGeber j ■ ^ ^-uL t_i jjJI ^ jJ 4Jj^1o SjJLil l-3j^jlJLI oUh** ch* L ^*' 

J^-^JI Ijla J1x» J^wj (j^J t ^A^0 VT ^ ~oyJA\ J$ JAsl 4jl JLSj ^jJI 

l *<tl -w. ^jVI j ^lj nj (jjjJi ^o-A cl— gi<JI ^ 4j^j t JlLj/ Jjt— a 4 m fl\ 
^jj ^Jt 4-j uBlj 1 ^ a i t l j-^-^i ^y-alitJ j ^jrtV ni ^j^J 4—jJj 4jj— 4-oill 

4jL^j ^ q\ jljf Lo^Vt »L * iI »l ! (jja (jj^S 1 ^ A : , » Jl3 <jjjl_>Ji oLolJII 4-jC^ju-*ja 

(jSLJL! .^jM-iII ^-JiLaJI o>£]I ^ ^j^i j>>-3-j-Jtj ^j>LjII j_^LlJI o>-aJ1 

CjjjL) SjjL) 4 jVjjlj 4_ j irit h i (jl^ joL>. (jl t^j^-cifcjJtj (_yJL>Jl (j^e * i i ^j l 




(MS Or i 1837.f. 29v.) ^ UTY .j^l Sllajlaiwo ^ullaj^J! 



^jj4 1 j U_A <_dj*jLJ L-4 J£ 4 L^jtj_3-L 4j^jL>JI oLoJJll 4^:j_^4Jfe_a J .g. ml 

Oj^-j£JI tUl Vj 1 a^vlr LiaJI ^Jx. Ljl^a (jtijLU ^j)"<->o t Ju^jj t^ij-^Jij 

4 t j i ]n CjI j ((^jtj-jll)) 4-j^Lr> > C<jL£ JLo^ *^Jl5iV| i r\ tTl CjIj^x^j ^jL-i a ^yc 

/>j^ mi r 3 4jjLu 4-oJjII 4_uj-*JI 4jjL»jVi jLsjVL ,) n»U Numerology 

4jL^ >H \ fit W> iijfl 0jUt> 4^jJL4J^ .3jULi ^-jLlLsJI < . m lit L-jl r n /^>SL<U 

wJu^- t i it 

Cjj in**l*tl JLd L^iLa ijj^ Lj^£j LoiSj V ^->L>- CjLLi^ t-J^JlJt Lr £ Oj^ Jj^ 



jJ^JjJI ^i^. ^ o < tij Ua jjfc ^It^l ^1 j-C Ju La (jl <Jj . »1 n Mill ^ys ^j^-uijIoJI 

^o-^j 4( jij-j_>Jlj cjLjJII e^jtjjMJI jJjJJLj Science of Generation 

Oil!* ^ L*j ij^-l>Jll 4 1 j tloll ^ (jjUIIj CiLaL>JI J-Lijj tjjL-iuyi 

<jj J LqJte-« j^Lj ^jI JL.rttl <Lu»M-<-u^l g. Lu<^-u>J 1 ^oIajl!! ^ujVI 

L^jI 4JSU 

Ijla (j-* Ui^-^ c^l .U\Vlj miVI <__>Lif>» (jij-Lftj ^j-jud^J,1 Ijla 

ijrLdJj-U lju>. 4 h\l V a tf*tjl (jLfl l-J-^J hill »Lj o j L^joL^aI 

^^>JI ^ <«U J^qGJL J* Mtij ^Jj tSlj -kJI j j t ij.^j ^jikaljj ^Jj t j-jLv L^j 

^usLxaJI cJlIGj jtjJL! j ojv- (jLj t^j-i < H nlflJ) jIj^JI ^4 i jLajuctj „ pi j o j nrlt 

Jj •> ."Tl I Jla c1>!jl>-1 jj^ j .a j -xJl l^jl^j . djIj-LaJI Jj->u C^^i '-^-^.i «4_AjjVt 

j3jlj|SL!i J!Lo 4 iriTI 4^aj J_c jL*3-Vl i„n lLU Jl£j ( o.^VI 4 U i nl^J 

jj^jJI A^jjS jL> -vl ^1 L^Jj^>iJJ 4 i < nLLa j j i 4 U , „1 ^L>-jJI >> 

(jf ^paijJLfll j->L>> 4 ill i ii (^jljJi J-jLiiiJ . Lb^-LC.J j ,j n i.nllj j-gjv^/l Cj^3LJ1j 

tiJlii (ji^SLo 4-flLbj LjLp-t ^.j-Sj 4JSJj t oj^ S.\ 1 ^ (j-yJJI U-a jjLaII 

4_uLj oixll CjLoJJJII (j=r S I JL>- I j^j *1 ^ aj,->J ^^ylJi 3 j ^ 1 1 (^r^J * 4_t jtLo 4 t j jV> 
Lc Jj^_>tj 1^ i^oj ^^III lIHj ^jIjJu 4 Ah V a l^>^ CjI j j-j-uul^Vi Col£j .2^>.Lllt 
jJLj ^pJI lLLLj (jjl it i-Aj (jjl 4 m j ^jJI CjIjJUJI (j-^ ^ * * JjI — «J 

^1 jJkl J_^c I r^^jua ^ht a jlj^Vl J t,n t Lijj .<. nt i^*> lJJI V * L^jljJLx^ 

.4_us>L^yi 4jJjS?! *LwjSJ1 ^ 4-oJLieliJLl CjLiWIIj S^wVlj 

-j t 1jv ^^^L-mVI ^ ir^.tll 4_ ; uLx4-t£Jl t- i?<SL!l lJuJIj 4JL^Ij^q ilv* (^J^^ LT^ 

jjL>- JL<^-cI t inj 4jl VI * IjL-cl i^>.^ U j Mi„f ^juwaLiJl 



4JLj]a jj cjU-jLu ^yJLi 4jLi!J^ joJ ^^^stjj , 'Pseudo-Majriti cr *jfcjJI 

1 Uj i ^Jj L>.ljJL^I 4-gj Li o-i >J I CiLoJJJU jjjJb JLJO (jl I JL>. jwJuuj *(JUS (ju/L-ul 

^ Joseph Black ud}L) eJujj-** Vjl 4_S_Jo (jjJi jjLu l^jJj 

^yS 4_lLL SjutLs aLc ^^luLa Jljla Jloj t^^Mjil J ^oLUl (jjJLJI « U < nljl 

ur * 

i Ly lal\ Ulyne a ^1 4 i i.Jlb .Urt4 (j^J *4_iJLJI SLj^aVI CjL c-JlSJI ^ >LU 
*d)J>>-^ (J* »j "ill (j^-jjlj o j^JI JL*£.I ^ya i Jl^v lj~u£ t*-^ 2bwjJj 
jtxbjjj tSjUJuC Cj^?L>- 3joj>.^-4 1 ^<<i (j <i ^1 ^pJI AjJuudVI JLa-tVl Jl^J 



^cJLa i(i3j^f) (J alL ^^J3^ 1 'UJL^ 3 - 1 ' ^ < r\ ^ij-^ i(_*oiJl tQjl m **< (_u 

^^0 * /_aTTA (ji_t La 5 ^ " a}\ ^ 3 ^I<1 f . JL_jjJuo ^ 4__La / Io 3 j p_oJ ^LSi ^ Uj^j>J.L) t_i — aJj 

i«^jSL>JI 4jLc.» j u^ft j'v.-sJI 4j_jj» : La— 4 cLw-jilt (jl ^ g a gr 4__J1 >_ 1 m ij • j*^ * * A/_aT^A J 

.[(**>ai] .4^i>ui 



»Luo__SJl 



< hutn\\ VjJL>. l£jI>^ . Jj>. tjLsoj t^LstJJI J J in^t tli IjJUJLfrJI JLi____»f 

___J1 *<L^Lj_*-j_>J1 CjIj i~ -^tl ^jyja Laj o f 4.U t"i mi.U *J 4LqLui 

4-3 >ai 3 t (<j__ai) jj^at .(jaJi) ^L-jjj j fl ^ ,„ ■» j oi 

Jit_tl (--xiJill (4_JjJ_l1 j! 4 till L L yj\j-&* '(oiW Ju) 4_5Jua t^j^Xij *(j mXU) 
t(^JL^) (>wL^ « Jjitnll i^L-fl^jlj) 4 or mijJLI jl 3L_____tl i(j-j^_>J1 Jys ^1 i3j-i^_>.) 
♦ 4 *ij<i->» 3jlj_>- J^-___*_L! Ju_Ll_ *J>J-* i^jjscjjts (J_w^>a i4j_ti_> i^jjj iSjjjLs 

Jljj i^M'splI <____ ljU-5_*3 jJL^S/l CjV^I <>o Cilj *!>->.I La? 

mi" ft 4^^x11 ^ o <**n ii a I ^ \a JuJjkJt 
. ^4_oJ_>^j) 4__jj_lJI _ \ 

4 t n\ a _ y Lc'_M 4__j^jJ1j (((4^joj 3,3-* 4_aj£j» : Lo^jv ^ Jr jju^ t lLd^j^j Jo _ Y 

. Alembic 4 n mMJL (J^ut) 
. Aludel 4-j1u!>UIj .cj>UUH! *! *U__ij jAii* *L_j : JIM . t 

.(Athannor 4jmMJLi) . j^tJLJ * j^Ju (1) 

md Uo jt) tf.L^^U (3^° (v) 

p ntlj < flirt "Ul ^^>- ^Lcj 4 j n~A l^Ij^k jj Jl^j^h ' ^ ■ - ^e^U 
jl^Jl! t^J? 1 frl— 4_» £yuo^jj jt ^j-jI J— ^ 4j^Lj 4Jj 

* l^vj^o jl L^L^tiij <_) j) 1 In j I 
. JjL-uI ^jjo jLJLj 4 ij V i ill ^jSL^aj (^Laj ^LuajJ — "\ 

(jJL^) - V 

jUnlH ♦ J . fl .Mi.1 3 (JjljJI Lftj^i jf I 4 n </>j ^ylil 4-gjj j 4_j5v.ll clii jU ft.U Lot 
ijt-j-i^jJi i^^yfll <n"ill^ , \j t i<~Ti\\ ijjJLlxJI <j j V i" 1 1 i^JalsfejJI) u^JlJIj t^inKjllj 
4 jl<r> jt 4jn-r r 4_u_r ^-Jj jl jJll Jj^o (j-Iaj SjoiwVi 4_JLqjlII j .^j q (Vitlj ^tlo^ill 



L^ic jlu ^^111 M i T Jl 4-lUju lLUjij tiJj^f uJ jI^juajMJ 4_LLa IgJlj^o-V 
4 j-i J 4_?r ^ i n iJ ^£- CuJuSj Lo I jl 2Ll>0? ilil * nl jijj J^o ^bjjJl 4l ^ m 3jLo 
dilij *}LUu jJi£i £_uuaJj 4_L^j-^j SjUI 

i La 4ji>i<iv (JjI^-lu ^3 pi djiAj '.Sharp Waters «3jL>. oLla)> ^ U^ullsb 
t Solidification jJLual!! jl Coagulation jJa*Ji 4-JUaJ <J&j-*2 J-JL>JU jj>* 

jiseZLut L^J ^Lfc!LX tjiil Ai^>^ t ^-^JLuJLl dr^y Li$-x'>*i 1 * 1"< *»• ^ ^ » ^ 

j^ya 3jbj 4 4jJlJu) - j^^-J>- 1 4 j "wU ^jjQ _ dJLli^ CuL^ \ <iin t^-u^jv jl 4 j r Luuo 

j_u-*lll Jiio Jjufc . 4_Lai«JI ^Luij_>JI ^JLc CjUsI rVi^Vlj 4a]9^>Jl CjLuijLJll 
.^LbiVl ^ 4JljLq CjliaASeaJI ojufc jijSo ^j! (^JL i4nta JjJuv ^ IxjQ 

4-3L*IdJ L^a) .« JjjJt (iL^a Jj— o 4jt j (1)5^' £p-*d3 (l^^ 4 ** 4 ^1 JjJJ-* 



q\ I j i>> 4 oj^t *U uill tdJjJ 4jL!l^ ^ J^>Jl j jU^i t Abulcasis 

4 i r 1 t.intl CjI Till Cj->L£j .jljJLJL) 4Jij£L]lj ^I^jLj j^_jLx^3 j^v 4 o (ja 
♦ jrVjuaJlj JU^il <_jJI ijLjJu jJU-aj La£ t (^ya^L-oVI ^JL*JI J^-l-i jJLusj 




(MS Add 27255, f. 370v.) ^ Vij^l i^SJLl 



. j^i^It j*L^x ^ j_to^3 (j^Jj t4_i2lx <LaL>. ^jjj ^ <4_>^*J.! 

ln>i <m uij JL9^_a L^JLjJbjj 4j^jI J) 4 j 4jv.j_*JU JLjjj3 ^cj ^jj>- I 4_3j^_L> 

>U tt h ft) 

^lc Jjj) t^'nTtj jjJbjJI jjUn"! (jj-AJi 1 JU& (JlLo V Y V Cj j ^ n 1T1 ajjl <_Ju-oj Jl9j 

Ji^-fl 4.j q .SL>JLI c-jljjUVI (j-a jjIjjJI <>jub Jjlju . jLst-jJI jJuj (^jJl *Ull dLcj 3>-^ 

3jJhL>> Cj^LjLoJ! (j^Soj ijlUtl ^Ij-^JI JUj h 1 1 I Jl-^jj t^uUVl 

(J 

^»L>JI JjjJ_iJI Aa* ij^oUJt 03^JI 4_JLL*JI 4JLc^aL ln^j (jl JxS 

ujj^j>JI CjLqI, > Vii nl 4J Cijl£j i^xulj ^Llaj ^[r j^Soj ^a-u (1 U<i itl) 

1 ^ "ill— >. (j^J ^Li (jjS^J ^L_>JI CJjJpJI (jrtt \ <j\ £A iwjj-fia-u^/i iU ^4 .m" 



Tt-uLuall Ojj ^ 4 i jUHj 4_ui.j <i dJL*X.t ^ ^jl ^Ji J La! iciU^ (jr lc 3$>Lc 

.Jj^ILJI La] j CjLuJI Cj^jj La] 1— il jl 1 II 

^g^ j * 1 o U ( m *s , \ 7\ ^ ij_£Lj < lr>n > Jv^ 3jL_c j-jjL_1j l£JLLAj .« JLuj^m 
l-^IjJU (jl JjJL ^Li jbVI aJ^l 4jjljj ^irtf 1 JLHI J j < < » (^^lc t^ljJL^Jl 
^J^jIj ' (J.jLH^ J-njv (jjb ^-Ul ^b C^l J 3jl Vitl -itj-^ J-^>«J cr 1 ^^ 

tjrtf.ill cjIIo (jl Marco Polo «jJ$j ^jLa» tdta '.UAitl j^i 

< Irtrtilt Li-Llul in a < Jar,.m"j * Lax <jl 4_Lo Lg_jJ^_«^>- JL>>U CajL£ 

jjjiaJl (J^io ^jyJ-^ <U»0 j-^j lt^>> Mill t_*jL>JI (^^lc dujjl tj[£ £t\ i(^\jJtl\ 

j-jLkJl ^IjjuLOjj (jl^^Lul (jl uj j olt« U ilL^^JI j^ij , J^»>ll 

tjl^J L-iaj t oLplAxju^/l CjJl>.j iOj^j^H ^jI^jj ^L>Ji uladdlll c.<j1ik ^J] 

^ *■ *■ 

4^LuoV1j i4,.a\~t -rt-xi L^nii ^1 *UT1 *({^J)J Cj i^-c J > ) ^-^^J 



JjaIj-jl^ J^jj c-cjL^ ^JLaJL L^l£L!j *4 A\ \ j >,H i_>j 1 1 1 *Liiil ^^lv " < «"> 

. 4a£.LuuaJI Cil jl a»tl <j^3 JJLC 4 <ij°i CjI !i SjLcl < «< a 

6 9 ^ 

jfjr^j j all ^tjJI ^ ^l)-^' 4 j <i*fll jJUJl jL*jl jj^a *!>^1 4 m a->. JL> 

(JiLa £_J-U3J i3 JL>- ^jl^. (J^ ^ I JLCW 1 $7\T i id ,^iojtl <-i Mill J-2*->* (j* L^D^J 

*■ m fit- 

f^lc 4j^L>JLi 4 Mlrt.11 M^t) 4-Lfl (J^i*Jt frj^' (J^-^J ' . ' ^ (.3^ 1-uHj JUJU£. jL$>Jt 

"a 

Sum ma Perfection is 4jt^ic 4-ujj^UI SLiULj <_jLi£ ^ 4JjU-« oLLt-oj Oj-ju 



J a f Vl LlLlb^iSLI! (jrifll *w j j 1^ np'it cJuuoj Jjl 4j^jL>Ji CjLoIJJLI (,"ii.<i iXi 

Reagents (Juil^SJl jl^K 4U.*"miIj ^jUstl .r.M 4jLiu«j eSJ^! ^3 tijtjJt 

jl* ji e i>ji (^tof ^feii) ^uii »u jtus U-io ^ a^Ly^Ji oMxUi 

4ojJjlU jtjIj^Jlj 4-t3wljJI 4Jii^jV(j 3 ^itjVl JUju-oj)) \$ \ nwj (jl ^jSUj 

l^oje-tulj ttloj-jSJl ^ ^^>^' r^l^Jl (>o clj-^i 4jMj : Lr L LcJ^ ^jocjj 

j CjL^jlo j Cjj^£j . « j <i i r> I cLo < t t -r *j l_3 j <<• . 4^L>. jU L^Ja5j 1 Jl_l>. 

dJoj-Lx>Jt! < ntj_a ^jlUl JLflj . ^jl^Ji JjLfl La ^ ^ i Ii" i » a 4-al, t -V" m^? 4jjJsJtjj 

^ ^_>. ^^jjjJjLjJ SLtJiia^Jl 4_*_jSLH iii^i_>J.I 5 ^ » -s^j U 4b^Io_>wLlj . L^JajLftJj tj-pl j o i*\ II 4 innll 



(0 * " 

^cjj (jL^5 1 1 '^j^ LsjJt-* <jL£ JL-Ua <pUI ^ jLj ji±J 4JL»Lj9 >-j-c 

Natron Ajj^-tLjoVLj «jij^Jcxj» 4 4K3 . j-^'j jLLaj ^^Ic jjuuaj (jL-^J * 4_lji^JiJI 

t Salsola Soda ^LJJ' 4-*u-«lj Chenopodiaceae 

/ T * ^4 |>j j i iiljj-t CjLj^j^^ /. A * ^1 j ^j^a 1 j ^ ^ < u^'j 1 o.mJ 

JojJ-JI 4 — loL^j tc->l \\\\ ji — <sj 3jL_dVI Ct <i1 ^ i ^ .^-j^.m CjLj^jj—^ 
^LajV cLs^LJI jLojj ^jjLliJi 4 j nnj J-x^p jl o r ^jljJl lJluoj .^jL^V j i <Jl) 
i £l&^X\ j^ju^juh Lji . 4 j dj ^jjji^ua CjLj^j^£^ j»j_j-t^Lj^_j CjU^jj^ 

(Ijj i^tl) ^jjJj ir>ll CjU^j^ (jru ^j-xib^J j-J-^o Jjl (jl^ (^J^LJLI j^ojLjl!! 



rvjnlliuUl SjLaaJI ^ Sin V1QII9 p^lnJI 




(British Library MS Add 27255, f. 348v.) iLullaj^JI 4 fftV 

t^LlII j ir- 1 1 1 cr i£. l^j 4 n <rtj *L>*j 



*5fiC ife 5fiC 
1* 



^ 4 4, ^ v < ,i a JIJ-j ^ £j>*^ oJLla 

I J Jl_ju Lojj * <J-a-« 1 1 4,^11 CjVI * 4 

jj^JI ^1 U+^yL ^ LU| lijLA 

j^fcj j — jJI £l — a : 4_4J jL__JLlt t -ivt^ ,^u...jtt 

«JUJL>Jl pJLaJl 



(jrU^ <^Uj J^L-JLt J-AJ9 4-Lioj YO * * JlLo ^jrlJjL^Vi ^pfj-oj 1 3*1 tc_i>>j i I Jlj>- 

(2>^-4j t ± i l > . *L^j^li£j 1 ^"ULluj ^yJ} L^L>o ^jjl^ j^li^l cr^ 1 C ^>^' 

£>— * t-fljjLjJt (jj^Iuj .JJ^jiJI 4i_tiib j Li {jjz JJSjJl JL>- (jr^ *Lil tjr* *>^_u£> 

4 j j,ui >. ^Lloj Ljlj ("< m a jjjst^a ^^JLc 4 rtW a 4 LjJo 4 j i mi 4jj1_ t u 

AjL^j (jr^J -J-^^ Jj^Icdi J I SjLfc^JI J I < . i *i >J I <j-o (jj Jj or ^^yic d^Su^x 

♦ >1JI ^tj (^L: ^ jl 

jLoJLj ^J.t^>lj ti i U . 4j JU J, CjtjLLaL) C * * *i A ^y j i*it -v. cd^LJu tjut 

^ cdJ j jL-atj ^jjl.j II (^j^jl-IJI ^ijj) t-djjJSLJt j ^ ri i t fl ^Ji i^j-u^jJL 

^JLA * 4 " * m jLv n a (Ja-xa 4jjIj JJL>*j ^jJI 3Ll£ ^jIaJI 4J>jla 



jjjc-o ^ u$^* oM_JLl J_l9 Jj^I er^ Vitruvius « ^ jlP^ m 

J£ ^5 j.t. 1 n 4 >■ "ifr Juxjj (, j 4 j 1 ^tjJ U . -st, 1 JpJiJ . 4 j 1 ntjfc. ^IjJl 

£)\j->- jjr^ *Utl . jLUL L$l£ 4J jl ^ilaJj . p t gjgl JSJ t-Jij J-^lj-J tj^-jLilaJ! 

(jlaj^. jl Jjj) <i "nTI *LU U^J^L>. <—il . m 1 j ^^jJI dLuLlL Jj-^j-ja j j 
j 4 \K Ij tjj^jjJLi (J-<utJ 4_uLojjJl jj_i-a_*Jl ^3 j^-xlLaJI . cJi_jj-ua_jJ I 

* 4-i^l i nil 4JjLojo 4_2j^Lu t^j^j 
^j-A 4_L4Jbl 4JT { J r it 3 t4 j*** r 11 mI^II j ts\A L - r J3 «4j^L-Jl» C*£.jJu>*l LUsjI 

4_pLLJl Jj n "(it < rt \r>$ K j -< t j .(^ — "\ JSLAJI) Lbj-^Ii J) J '" ^ ^ 
I ^ i< Ij ^00 4'„i, ^ LttJ-t.;(MLa JI>J^ C^jL£ 4-uL-luiJ 4_t2L-J i-L^oL-u'VI 

.(Thorkild Schifler cJiJb 
t :< lc.Vl ^ (jL^ 4J£J t 4_3L>JI djuk ^ jU-jhJi jjbj ->^Ji pljo^ (jL^ 

■» ** 

f , I J I^l4 (JrG-jJLc ((J J <^>JJ (^lljJL^) {jJjUULUi (J^»L>. 3j_ili (Jajj (^jJI 

.Potgarland Wheel jlJ^v tLJ JljVl 4Im.Ii,. J fl . ->o ^1 4Jbt— *JI 



tlUlij t»lj) 1 nil 4i3jj3jj 4Ji£j_>. ^ZJl^- j <i **< < 11 a «_> J j— >JI tjjjj "*>■ 

at.i-.-ii 

( LJU i^j^j cJii^JI ^1 4JVI Jj J-Lui 

Lt^ L^J>^I (jJjjlJI (jjuJU^il l^jlr jiLl *4_coL>. 4_btC C^jl£ (^pJI ((jjiJjIjiJi) 
Jiol l^_jj_La_j C<*>L£ L$jI ^ 1 wj I JLAj J < 1 11 » <-jVjJ ^o-i-ul ^ Y * "A ^Lc 4_djJ_a 
JljSj ♦ 4j 1 I^H 3jLaJI 4 \ mi ^jJI hi « i.V ) < <il I » 4 ttolJLa (( 4_xja LcxJ I )) ^yJUi 

jJLJI ^ ^111 (4 m.UjId) >jLLj u miI V> (^yic. <_jVjjJI 1 jla 4-^Ll^J cjjLc.Lt- 
<nt II (jU ^M-^VI ^<JL«JI ^ j I m.ViVI j 4_^l ..ill Vfnil jL^ 

I g. ^ a . JljJL j JI ^JLjlI! \j\ 1 j ^^3^ 1^1 11 I <njt j, mi" >Ij i^Ui ii^JI 
<=-^>^l ^yS 4_jJaLj I <j " j j t m i Cilia ^JjLjJI JLkJI 

jIj j*t < ill (jJJ 4^L>JI jijj jj^fl jj-iJI {^le. \ $ "w^L-i^l ^^SLcjj .j-uudL>JI LitS jJI 

^1 Un tl (jjSLi I aj'rr ^J_J_>- j-«1 j_<kj ^jL>JI ^j-o jl_J_C ^ln^ J I ^i_g^> t j <:Ij-j_>. 

.SjLaU (Ak^JI ct^W 

^JL>.I (J*! OJ 6 J 1 • < 4^u3lj ^ tl 4 U 1 nljJ ^LjJLI {jA 6 J i £j\ J 4^ J^J 

4l^ r ^1, li VI < uL> 4 1^ Mill dJUb J3- ^Ljqjj i^LJll 4 mi.Vi^ ^3 l1>^L5> m>U 
. 4_JLl A f I X « < _^djV| ^j "1 mi a (jJI dLjJLI j^jj JSLAJI) 4_jj jjirv. (jjujIj-B 

j mi, \ c JjL* JlAj i^LVl dJLA A j * A jl 5 « ■ -Ij 4J^| dJLA ^jj 




. 4jj>Oj) <aJ.ll «<Lu3l_uJI» iJT ^ ("1 a, t VI till ^^ILli 1 g < nrt 1 




£ ** 

c ^djJu 1 #lUL CjIj j ?tu>Jl ^ILcj (JujL>JLl (^k. ^Ut j—uLIb <dae_aJI 

. jLitll£ aLJ.1 j^>J SL£ ^ jl Mill 

♦ Cj1j-l«JI ^jjo Vju till J j t4j^l i nil (jy j\aLi 5^ . £j| j| jLLdVLj C . fn <jl £>£-4J 

^ 4 a^Vuri-fl LlajI C*jI£j oM-JU J-u9 J^Vl <JJ-^ <jt^ (jr^JL^' (^^' (j^ 3 

j, ~ - ~ 

La (^J* d*£.jJL>.! L^jf J *j t y I jJj . Llj^Ju 4-juj-oj (j^y-ajl 




<VjniliwUI SjbAaJI ^0 Km Vipllg p^iaJI 



SLiSJ jIjT ( niii^ ^jJJ j j mij Lb jJ 4J3JJ * ^ U i <>jJI jjjuaxJI <jLj ^^A-tu^l 

La ju£. j . ^ j^LJU ^jLcuJI ^jl^-SJI ^-jLUI < ni^itl <_ y ^ 3 j < ^> ill 4 n tV< 

£_a L^AjI ^, \ V " 1 11I j j f Ij-Lll <JLtjL£j * (J J) n "stl ^1 1 flU r^»j-jj dLaJ.1 

(j! V Likj .o^V! ^jjjOJ 4_*3>UI aLJll (JI&jG) 4^3 SjLjJ jjj^JI 

- j I ^Jj I CjLajU, a Jij) m ^tl ^3 4_uljJiJI jjLuall ^ a7 l^- ' tirtfr (Jj-*- 1 

3j^_cLlII <JI>j ^3 • 3 j 1 t ^ Y • ^1 4 1 11 n o L^jjLLsj a I T * Ljr ]\^>- 
^ 3jj^>.jJLI j-j-cI^-LII J!La J^_*3 Lul 1 i„Lj Murcia «4j ni^a» ^ 3j j i«Ctl 

jLjj <ya ^ U-^ 4JLl- <ya oVVl ^ jj! jJI 4_>Ll£ lSoh^I J^l 
2L*£L>JI 41jUJI 4_a jl>- ^ LaLc ^jj^-j^c j 4 ,„4N lt ju^ (jL£ I Jla 

oLL L^fljt^j (^IJI ^Ja^ o^j . Artuqid *lj-«Vl ^ 

<-B^uj *(4_^>JI 4_ul 4 j< nLajJ^Vl 5 Ah ^ A LcI^jI j 4-ljLo 

i4_JL^>JI 3j1 t i.illj 4j,.I ..i"tl J^l fjji cjVT ^jj^>Ji 3juL_ui ^ <_*1L 

^Luj n ' 4jL>Jj>j <m <o ^j^ua-jj 4_JLc 4_>-j Ju I i^j I ^Jirt rttl ^j-xi 

4_^L>JI 4-*-l3 u-dj^C 4jLfl 4-cIUi" uuVI dJLA ^ IJaM-LjIj . 4_^Lc Jl n r I 

,4jLtJl OJUgJ JjL*jjJ Jo l J*f*l m l Jjl iol JlX\ J__^J L S^LtL^ j-JjioJ 

olj 4j[ o j o ml <<LiUr oVl-^ ( J-4j>vI! ) J^_jLlHI aJJb 4_L4Jfet I JLC i o j4j 
jjjU" ^ 3j_j_j£J| 4jo &VI Ol j 4_^oJLlil CjLl^jJ,! j 3 J ^ t 4^1 i>> 4 o j 4 

/_aT^"\ 4^- (j^^jJI I iViL Ij'.l . ■ 4jjL*JLi^-a 4Jjju« Murcia ■ „j fl (*) 

j-aj iRio Segura (3jj^*_i-u<) 3jj_Sui j-^j jl 4_>^c ju t-j^H 1 ^' cr^- f^J *(* 




(MS Greaves 27, f.99v) YV ^uxiu^v Jojl^ 4 jL)^ 2LoSLa 



^ j - ** - "* 

u tlnnt t (j^p-^ vVi-* (iL^^'i (l^J^ j' O^J 3 ti') 

L^-JI * -J r» ^IjJ JL^^J (jrl^-Vl 4_Sjl3 (.yl^J tJ-jJLAoJI 4J*jJl 4_J-*I»jt 



Kjnll wUI Sjluudl ^fl »»»\VqM9 (o^IaJI 




(MS Greaves 27, f.JOlr.) TV L ^u^>- Ja ^Wi^n * jLJjjJ 



CiUill 




(MS Greaves 27,f.l03r.) TV 



^ tU^t l (jujjJlJI j-uLaj , 4_JLlJI SjjJlU £>j-a 4 mrt'i C*j3$JI ^ ^ilUjJ 

c. ^ — 5 \ — jjjjt ^ 4^jL1a Cjj^Io JL3j . 4_IV1 dJub (jr ^ L^a 

Giovanni de' Dondi's Astronomical 3 j <Utl ^jlJjj jj C3 J^>^ * cLjj 

oL^^j^I ^ j^ill Iju* ^ .L-o^ ^no <jLu, cM " <l ^1 .Clock 

* LH'JLp 




V - n JSLuJI <J^J UiVi^j ;A - n JSLuJI 



^ jl m jM t^l^f cr^il «^JuLui» i-jVjj J^** iSj^t ♦^ J H > *i^ 3jJl3J1 

.(1 .1) JSLill 

« ^ <i nil i ii a Cj L>- Li" >• 1 4 j 1 h I ^ \ YO £ 
4 * nl^a 4_5j-X. ^ja jL*_>. Cj ic ^j->.Vl ^ J ^ ~.«"t ^j^-sei] 4-Jol^JI 4J^I 
JL>J! L*£ * Lujifj jjJLJJ (4-lojLc) < i>mi J^Ij j J mi. a (4_uaia) 

4rt mi* a 4 u i ii a 4\y c *<SjJl1I Cou tj^>JLI IjUfc Ly \^ Jl>.jj .^-\_JjSM (jrpJ^I 

C^j Jj^L ^IjJu (<^rt in) 4-JtlB ^ udj^Sli] ^->Jl »-a>laJi Ji^JLJ .4_^>JI JZU 




(MS Greaves 27, f. 105r.) YV o-^d^ AlajU^a OLJ^ SlilC* 



CitfDl 



SjLlC 4 liffi j^laj ^ <JV^j jA^Vi Cy ^& *4 ,,. «L>Jl 4JV1 Lai 

CjIj 4Uf {jy Jt> (j^ljVl :j^jdl (jukl 1 " a jrT'lj idj CjI j 4 1 » >L£ 4 ^ ts\ a <jc 
4_JVI 4Jbc-«JI dJufc JJ-5t-« (J->- -l-J jLp SjJL jljG 4-j_ttJ3l (^JlujjjJ 

Jjj-^ ^^-osl j^t_a ijy^- 4 "i m <v ( <nJ>T) 4L%£. ^-^-3 4_oLjJI aLllhj1\ Lot t^jjuJ^Ja m£| (jjJ 
-ij^J ( .4i_u_ujJi dJL^J 4jIo£ jjji (Jx-a-oll ! JLfc < , i\c.\ l£j>?^ ~** **Ul (JL)-*- 

u \ C ' r\ ->J| ^-J JL9j 4-ir tr>U Jj*-X. ^g-S Lr kl Jl_C.L_uj 4_pt-j-uajJ fJ-^J 4j^L!u 
JlL^jijj . J ^ n j, V i <-> 3jLcl uigi^Jj) J J^a^l J_y3 (V _ ~l J *\ _ ~i) ^ KmiII 
^ J^->-jil L jt~ j <>vftIiJl ^u-uj-i) 4Jj-t-fl 4.V 1 .A 3^-3 _ *\) J5v mi H La I i^>*L^-jb^ 

j^al j^^-aJJI fj-Cij ii£jj->^\ (<u-uj LfljLiiuJ (JL*j SjjjLud JLaLoj tiJLJab ^jSU i<JVI 

c_3j^->. OjLlusI m£jj^jus 

oJLAj tG 4 h mi U 2LL*_»Jt ( Lfcjj-stjo jljJLol (jylc^ tcJijjLJJt-lIt <LLse_C ^yfc H 

J ~r \ >4 V <^U 4_j_3 t"< j il JSLliil (j'tl'l a ^\ mi -v. ^^JLuud] <, < j Jllc 

J— "fc-j-j 4jlj U Mil t-3jJU J-kij tC (j-O-jij)^ "'V^ ^1 C-ljJ-JI (j\lXA> Jji-JUj 

^-itJJ 3j' * *"^^ £ya cUI 4—judLI! t. « jjIj^I 13 .B ^l,.<i 1 ^ JjjJlLud 

<-, f Mill (jji-j^j V ffcLtt-juaj jr^li^JjVi LlA^fl Jj^JJ .o^Lcl jj^n i_3^juaJ! c « j tL^T 
i4_J*^i ^ 3jL_>.ij 4jj_uf mi Til 1 t <i <-£>j—ud I LLj) u\ J ' ^ ""j . ^jj—aJjJIj 

*_) jujujj t4 jn 4 1 i mi U 4lar.vH Lfcjj Ju jjJj ^iJI 4 ^ ,.ljtl 5 : ; . „ M 31 y\\ jjJj 
4JSj^ ^ j_>.VI (jLb 4_jloLo 4_^^jx ^ {j\. t u jCU JL^f jj^Lj La J )c _ jrl rt miVI 

Jj^uD^lIi £jjf cuL^ jLifl Jj t4-uaUt l-^uLjVi (j-^a LkL^jl J^5 <d;L> 



4jJJjj 4-uljjJiJ! A£j^l\ JjsjxJA 4Jl*Vl JL^l :Vj? 

♦ <, r mi^I 4 In r nl^j 1 1 A dJLAj i4jjLlLa 

(JjVl ^jj— . 4__j_jLU tlff-^J) Utl 4 j rnl i_ul £jL*J 4j5Aj J 

J^ISLILj 1 alt* JlIj_jj j ^ Y _ *\ mi?I) cLU ^j-jx-a jj-B (^yJ-ufj jjJfcja 
JL3 idllj SLbLi^VL . 1 i 4 jlf ^j^jcj ^ jJI *LU jLu c-)> j mil 

UjUtjl (^SUj 4_^UJI c2jU Luj^j A $ . 4_LsL-<-uj 

.(oUbl jiSul) USLt ^l^J 

^j? tjSUj jljJaJi 1 j a SfliS .(cj ^ Y _ "\ J< ill! j UM) Leat 4_jj^LL> dzjju* 

^ tu lrt„,tl j^JLlI 4_L^C S^LiS u_sL^l 4^Mi ^1 Jj-aj Luj t 4jlx 

. f>-u£ tJjSij (j! ^jSLqj L^jLljJ (JlJISo 




^ CxJLo j^X\j (CloliJI (^ii-cJI (j^-jJI j^>j-^j t 4j^jvLLJI 3Lfl>fc 
C>* d>jL**\ >^->^ cr*l VJ-*^ J-^^j . jljaJI L^ixJl ^jJI 





<j j£j cdJjbj jJt-J dLail £jJ Sj^wj^a t-UI 4_j>* (hti-y- 

4_>. Jj— « 3jj-jVj^U ciilj 4 j ill" 4, j 1 'fc.r a ^jIj-jo) Ud5^-^ ^t^rttl 

JJJUJ5 ( (J»J)1 I it A ^-jllUJl ij7 l£. cLJL! L^-L^ <. M^ij 4-jW)U < til Ji-lj L-a£jJJ 

. (^jj_>JL I j t niVI jjjQj L-uL_t(l 4Lul1 



UUl 




.(jlj^l ^ _ V il -(cr^yi t£>?^ cri^l ^LaSJl) ^jJI (ji^fl 




i^uuoj* JIJ-<-u ^uo^s 4_uULl (jr)->-l^iaJI 4-oilL>JLl ^JjjVl ^Jj-uai JlP ^ 
^ jljL^h. ^yic t^LJI j-^jJi 31 y r Cc.4 O^LjJLI J^Js JjVl u>-oJI ^ 

Lr i_3 JjL*. 4j> j. *r ui 4 t rt^Vl 4-1 T t It . U J^-^jJI 4j jVlj .^»>L^V1 



Jjju 4j J_l]j_j| CjLtj/lj^ 4.C ^3 LgJ < n <^*j Jjjt *L>. tj^joVl 4 <n rr 

4_>.j_iii ^2 *L>-j * (j+Mjji ui-A (J;l jk JI *_jLu£ jjhjuj-ujjij <ijJliJi (JSUuJt ufl^ i JSLmJI Ijla (*) 

Sjt^jJt OjLa Ijlj 1 'j LgJy>- <j^-*^' cA-L>'>*^ cjjLs L_ujj cjjLia tjl 3jj i*v 11 Sjl^iJt j^Soj i^UliJ 

(jjj ' i( Jx>Jl j « J I^j V ciiJj^j L^J^>" <jLliJI ^Lijl^ill CjjLs 1 ^ ^ 3^ j X II 

■ ^ (jt^- Ju *-' > - d £f OfjLLjJL (j ,i.ii->J t ( n i <[jj Ju«->-l jjJifkjJ! ,3r!-^- >0 tj^L-ui ^ ^r^J^ 

J^XM Li-A>. 



L^jt uiLiJl ^-^^£3 * j^LjJLI juu J^Vl <jWl ( k 1 Jb^-^li 

(jja ^ t 4AjJL>JI j r„jjl jj i^ittl (jLJ Cj}L*juM CjIj jJoJ! 

(l*Ao • >5tj) cr^l-A Lr^i J^o-^t <U-^a Device 4JT cdLLA (jt VI , ^^LJLl 

** s 

(jt ^ySjSUu i£>^Vc Jol j" "w^l tJj-Lfl (jy*J .^JLlaII (JjJ-^JJ ^jLl^-ijJI aI.^ V" i iAj 

Tub-wheel <,.o La £|>^1 J-Js ^^JU-jlJI 1 J^j-« o^-*^ tiiLub 

<—)j)-l^>J1 *rU (jl l—il A Ij^SLs (j^^oJ_cui.l <jl jjufli^J Sj-j-jJS (jrUfcl^J JLj>-^j 
ijLSj .4jjLua_liVI SLxjhJI ^y* 1 j m.1 .J ^U^' i-^Uo |»Ll.V 

jjSLqj L^jI ^jJJ OX ) J ^L^l Jj' cr^l OjJ^d ^-° J ^ £ - (jj_JsljJu>Jl 

i— i^La ct j jl Jb f^jl\ \$ M^wl^ls (j^o J Juu 3j>jd i^a ^jLstJ i4Jujdll c_>j^JLj 

iOfl ^ nil! 

3^j)-j>JI 4 1 m< (jJa jr^vljJoJ Sjujl-c CjIj I—til (-dLLAj ,jJjllxj>. ^j^L^yi |cSL>JI 
♦ Merida (SjjLa) I jlj^o Jaen (((jjLfc.)) ^ 



J^JJU <JT lIi dL-JLl i— iLiJaijt (JjLt-^O 3-iLx)J 5 Ah ^. a Lj3jJo jjj «jl mlU ^JL 



^jj-aJi ^ ^L-uBl (JjjJI JLcjJI J_JL« idLjJLl jjSj CjVTj jru^ljlai] 4 j M,,<^l 3jJlj3 

clou >j-j,£ .a <■» LijU-A uL^i * oL>=?I lt^ Kur j>£ j-^j ^^ic ^ j^LJLi j-^LU! 

Murcia 4 1 m j a ^ ^^JJI Ijla <jjo ^j^ljJo cjj g " f »ij .u^UL_>Ji J ^ q 

^LoVl ^yi jjuc iLcwj^atj (jnjl n Ct -^j t Lul 1 it.L> Zaragoza ZUh^j^mj 

Oru La jMj ^Lcl ^ ^jL^^LoJLk^U Lj_^.^ l^_-ub 

J^-- liijj . j I jlJL-J JM-c (jj^Jt^o culi ,^111 Upper Mesopotamia (jj^-^JJl 

dJLA Cxj1j$ Jlj3 ^ .j-i^T ^jlS^a ^1 L^I j ^ U \ V Jj-a^Jll ^JjJLa Ju_C <LwJ j^j 



.Jt rtIL cjju lj ^ a kkIjljju 4-j^SLa» Khabur j^jL*. j-^> j j tl ((jt^l^lalj 

4^LL» jjl m<a ^jja ^LLo jjL-uajJ J£ j jV < rut p fl" i <iLgj>.^ ^ 1 1 Irn i _ ;r _Lc LJsl lis) 
j-xLLaJI <jLj| iSjuuajJi fj\. ~*.\ jlo tiJLiA CajL^ iJlj-U Jjj i *< 

JiVl ijic UjL^ IIla <jL£j *(jJtl jLk ^j!) j3^JI 4iUaj i^jMJLt 

ill i,u\ thn) 1j-»L£ <jr\ <i\m U <j? 4 j rrt "fl (^i-jj-jo jj^tt t ^Ij J_3j 

^ jLc ^(jrjij » 4.nj n -»J1 (j^, LoLoj Jj t..i 'Llitj La£ 4^5jJi IjlA ^LJLl 4^LU 

i r (jJJ j^j Domesday Book ^ ->jl>^ o^Vi ^>JIj a nil »nj <jf 

^jfc OjL^ L*£^j (j^-jJt jL%j>>! 4a£jJb 1 D>1.<ClaI Jjj fll i nil tj^jL^tlaJl 

« !nh 4_iLaj CjI m j-w I (j i o ^J-u^rt t*i V iJ: i ^ Jt.) " ■ j^j ~ \ \ 4-mi )1 y't.fl L^jjLoj 4 ili,^ 
1 ts^i t<~\ (jj^jlj OjL£ ^1-11 ^^,-4* 4 m « a IjLstj^l Iju^jj >^ j^tjJlj 

JL_*_>J! (j^a ^^p-^JI 3jLat^>- C-jL^ t JLHI Jj i f rf ^jlc j ^Ull ^^alj^c.^ 

4jl or 4^c^^La j^^?t IAjLllcIj i4jjJL>Jl ^uJ^i «4jL^a» 5 ^ U > ^ ^ 4lxt>JLl 

Ljjjl tS~^ l^ 9 tjryvl^Jo JJL_C Jyi CjLa^ijU-ol! j I irt < Jjia^l ,jf jjJjjjj . O (*) 

ij^Uo ^yjju udjj (jlSj -j^j-a V * * • SluLo Aj^wLLs o*\Yi j, .^r (^jLjJI >^'i* c?^ 

. LjjJj ^-^^ ^° t j| C t-u.ll djj jjju Lya^j uLLu O^iia (j^ILcLjj La 3j ' 

Terry S. Reynolds, Medieval Routes of the Industrial Revolution; in Scientific American, 
July 1984 .[(4*>m] 



StOAlLwUI SjUosJf Sill V1QJI9 fO^iiUI 

Jl 

L>3* O-* l£«*L*H (jLuuV! Jji-JU SjJLoJ V"l r. r i*> Ci *>L£ L^il <JLflJ$ ♦ (jJfcleaJl 

_ (jjj-^iil (jru Lq jMj (jyiLcl ^ (^t _ SjjJ^jJI 3j^_>.jJLl *bj-cJI 3j1_j*^>JI 
tfJLA ^jjLuail JL>J^J! (jlSj , ^_l3Jl11j <3l>*^ <^J^ er*^ (ji^l^klt 

(jLwilj-S- (j^vljJo 3jL*_>. cuLS (Luaj! ♦ IjLLjj (jut a ^tj^. < rtK it SjUll 

.«3ljJb» 4JjJb4 ^jjft c_j^JLj l-j! ih<t> j^yii jJlj ^n-r ja ^j-d ^ Vr < 11*1 
Jio? tAtlak «£AL?» 2LSijj»-a JUuj *^Y0 \ ^Lc ♦ ljj_aj>JI i >3tL ^ L^ljLitLtJ 

^ c^aJiifcl^l jla aLdl 4^Uaj J*ju ^1 Trip-hammers <loliLuJI jjLLII ^1 

p : tx^ti ^JLaJI (*Jl-3j9 »3j>U1 (^k: ^Un t..i ^Li lj j «i oLal^JI ci3>JtjJ 

(jLSSUI JjjJo Juui Ju^j i ,i ^ <->JL*J 0^ ^» j\ J-C- ct^ 1 ** Lr^\ 

dLII 4^li» j>t J jr*i t i>l 4jI Ju (j? Luajl ^j^ujf CjUo^-Ma ^x^jj . 4ojLc 4jwjJL> ^x3j4 



^ylc i^) \ • Y ^Lc 4jLoJj>^ JL>.! ^ itt^^jtlJi £>jI» 3^1? ^ Cj^L*_i-u I ^) n r Ju 

.Band-i-Qassar «jLl__--- ^uul othj! ^ j^SLIl ^^k. l'-mj j ,» 

i. I M^lt 

4^Uo ^MJLl jn.r ^LoJI u>flit ^ JjVt < hi^lW j^Lu_c ^1 £^£11 j^ij 

Lq-jj_B .4 i f Innll £fL>-ljlaJI jl mm.iLj j^aLaJl {Jt^uJl ^J^>. 4-lj $ mil < j-a 
tiJLlA <jl_£j t^^AT ^Ll LJLLajJ ^^-3 Cjj^Id JuS LjJJJ? 4j^LU Jjt 

.(^j^L-lII j mi c ^jL>JI u>^' ijr-^ (JWJ-^ U^ljioj SjLlaJa jhLxl^L J \ ^LuJb 
J^L>> (3_ij^jUa£ LgJ iZij £*t miIj t4 j T j uiU Ltjfjjl ^-3 4 jf 1 untl ^jJvl^laJI Cij-^lo 

^j^jl c— >l n ( nfl^ 4fl Luajl (jjjL^ (JO-I Cjj-^Joj * 4_o^ILLa^ ciiLLuuQ 

JLB ^ 4-lcLLuaJI J^vl ^LJl 4_JZu juxVl J^"o.U {Ja q\S l^ijj 

{j^lj^V Quo, V V< i ill Lcjj ^j'arUti 4^LLuo ^jLj (j-kJ! (j^4J 4jLfl ^Lj^jf CjI mi jo 
Jirt Alt ^jISLa! jl « li i ill tj\ ^jj . Sj^llll 4-uLaj^JI 4jj^IsIj-ljoV1 4j r.lljuD 

. Ijjjijtj ^-o^L^y I ^oJLaJI i>7 J3 CjI^jjIxIJI £ru 

QjaJ.V) ...I ^yUl olcLluaJI jj^a ^ylLtiJl . hjlfcj 4£.U^> OjI^j j .^11 ^ Fuller jLuanJI (+) 

Jljiit-a 4j^_ua j I 4_Bj ^J] t4 -y._4.gj Jlju 4_i__»L>> n-flj /^Tl ^LT(-Jtj ^^l-'w <<t_uUM ^jLLsJll 



^IjJL^Jt CjLLj_£ Sjj-^j-a 4_u1j_$JI jrywIj-LaJI LuJll SjL^J Jjf 
JL>.1 4 <r>4 l£JLH Jlj>o CjI j ( i n > cdJ J Jlju igJj.*, < JU ^ ^ JL^f 

cjLIjj JjaLijj j^LLxl ^jj-Laj 1^1^ j^j^LJJ j-^LjlIIj ^-^LlII ^J»^_oJI 

4_j_3 c-tJfcj mJoJI CaAjJI ^ 1 f *i*C \ *i_>jjLll (jr* 4j3^juaj Hole ^^^1 (jl £rtjj 

Luj tLLiJ! 4-.j >oJJLi 4 Ac Jj-y jla! iii Jjt-£ l£j ^-U,^yi J. s\ 

(jfO^l^IaJ 1 n is>$ ^ Jl3 (j-A Jjt i^^TYV ^Lc (j^^J l^JlJI mi ajJl)) ^jj_*jJt 

^ t i^j^jJLli I JLgJ 4 J M.fl CjLluLuiI ^^yJS CxjLiT L^jU Uj-Jl_3fc-J J-Aj t^ji**! i tH i ii 

* or 2LaT jjjtjaj 4 j < nlj (SL^j^f) £jJls L$J (jL£ <^h-M 4_ujjjS/I jJ^jVL 4 ^ j i mi 

(jrt-^l^ia jl SjuocVl (jr^-l^la t jj0 t4-Lfl^dJ! 4 j 't J I *0-^ *J^i tl^^dJ 

iCjlls^LiisJLl 3j jLiJl CjL>>1 ^jVIj ^ a mi ajJl ^jj nit 1 <n i V>j tSjIjJ 4j,g^l 
t3jljjjt 4^^u!LVf Lg_l£ ^jUO^J ^Irt < nil 43jJlJt i(J\j£jJ^ tj)-A lJlJ Gj 3LuiiU OjL5> 

LoJ 1 ^ u > J mij iLcljj mi r j| (4_tbjL£.) Lclj j j Mif ^jJj! J^-stjj jljjl>JI 

JlLc I jj * lilj «uui ^I/L^-S Lf. j tii-C L-Zj I 4-C^ujli I 4-1 / it 

. 4jj^LLaJI j-strw SjLC.l_B <jr fl jj) flUfl Jj, 4a rsj <^jluj& ji JUj Mtll AjL^jlJI 

ciJJjj i^J^ljJl j-st-J 4^-wj^a 4 <i j «Cb«ui^ ^JfLtTu ^.Ir. m^I t4_uijSL*^a dol^ 



^^jJI J^LJk j-Ai edJj Jl-jljj i<UM> (j_jo jj^kJLI j o jl (JtCLSj-jlII (jrU 

(j^fl 4j^jI jJl 3 j_3e_dJl ^yjS Ji^Ju ^ SjL-cLojM j.^r _ <"m lU Mill 

jhJ <L>.j_<iji ^yJI tjijJlli j^se^>JI ^fl Sj) ATI J^lj J mi ft I *.j ij« L-jj>Ji 

IcJI 

tjuAj .jljjJI «Ji>^ w cr^J^ * iV>j AjijJLli 4jlJLj *Ju m£J eV- 5 ^ 1 

jJa^Ll I jut ^ Lo-jIj L^j? 1 o ^ i ^ / >> j V I ^jLLsJI ^ c^jL^ ^^jJI 

**t..i tnULatj 4_j_3^_AJI (j.ojLfl 3 4-jjJL>J! (j-u^-lj-LaJ! ^jji 4 i m i < I Lj ^ /^jVl 

CjI > "i rttl (j-C Jjl hi" II j Liu i LUlij ,4-^. mi^/Li dl\ in aMJ ^jlajl^jJt Jj '"^j" 
(3 J (_>-u tj (3-^ 4 n U ( 1, L 4ju Jl>JI ^j-Ui- <j 1 Jljvjjj ,jtjjJi Jj^jJ 4j*j!>UI 

(^^uiJI JLo-wJi JjLftjuuj i Leu ! 4_u^c. gL-Jl o mi _ SjL-jLcuJt ^Lj^JI 4_>.1jj 

^Tf 1*11 ajdl Jl^Jj^ . ^ f i <i U (JjLaH c_oL>J1 (jyi-C 4 t < iitj 4_2c_j-£j - ^jl ** <,» j i n ^3 

o-* J -X % - ,) Seistan (j\ " mm i <» BjuL^iJ I j"Lj>Jt 6 J^I C>^-*^ ^ J ** w ^ 

. CjLsclIAJI ^ j i nrtj V 1 Jut> (^SLI i4_t3^_tli 4_iJL*jJu 4-u^c. 4-xlLa_*iu 

j_y3 (jr^>- ij-LaJI (j^o JJLc (j^-x- ft uln^U ^ mi>Jj "t i .t iLLal ^yfi IAjJL>. 4jaj|j Mill 

dju& ^j-c 4Jujlv j^Loj LujJ ^jLia I Il^Jj . L^ojupj l^JI ^ t*l . J Jj^Uoj ^ sU;tt 




t^VV t(oLu<l>>) khaf lJl>. jOa 4-j^jLfl A-oljufe :\0 _ 1 JSLUI 

<J La-ill ^4 jJaL4 



IP 

J^jLo JUui 

<j^JJ . LaLxu dajL>Jl ^LujjLj 4J jJoj Ljj^Jlj (jLaJL^ 4_juaj^L j-ii 4j L ^Bj-uu]\ 

JL>>JJ i4_/sLc 3jJ )J . 4_Cj_uIjVI 4_iJ] t"i m*i ^utj ^ 1 Ml ^ JJ) a jljjJI 

jJojI) ui tl**< a 4 j j mi ^ ^jI^.iTu 4-C j n ^ 4 4_iLj-_tL I 4^uLcj jl 4 » 1 < o 



1^ J < 1^ A-uLiaVl (jrJ^I^LaJl Lai . JLl3*j <>L>o1 dj^Lill dJUb ^yS 2^3j l-x^j ^"t| 
^jr^ ^ J n tf*wtl ,j£Ll *4 j < njLflJI L^Jj jtVt Lfej j<n ^ 'J » " 4_ljLu a\1 " ^ | 

^Ibj .(j-ujJLfciJ (jlSLoj ic-jj) i ^jjj^jej 4-jl^4j_jloj i4JLj^JlLI 4_t_uajfj 
U>aJI 4jL$j Jji WlX^ (y 3 ^L^' u^I^lJI ^tj-Vtiul L? Lc J-Jj> Jl^-^j 

cJU-tij L^ILioJ jj^t^j 4 o jt^r cjj mm,*) I L^iSJ i^j^LJLI j, nir ^liJI 

^JLaJI ^ryvljis < cj^j3 LaLaJ 1 rtl*iV (jL^J . 4_J La-taJI Ljj^l Jj^Jdu 

(jT l£. (j-uLxSJL <ZxC j^li-l L^jJ iajj J^-5Jt L&*£3 *OVi>* ^1 A^LuaVL 

JL>-^J V (Ji^xVl >4-jllm\j}\ (l-^JIjjJI) dj>L»uJI clilj dLJll 

Jl« * cr^l ^^j^»tl L^tibtj (^ U-^ ^ iKark des Chevaliers 



iJVi ♦ JjjjL^J! £^>l ^j-xs LflJbj ,3 j<j ,.,M<H gJ^jVl J^t^a C. l> tjijJ 
.(^J^Ljil jJuC ^l^t OJ-^' J^li^ Lr^ J ' "** f^J *Crl$^ t£5^ Cr^i 



Jl_>- pjfc t.tl <jl ^aC-jJI (jr^ '^rl^ - *^ O^jJ^' Lr^l lP 3 ^"-^ ^'^ Jk 

t ^ »-^"t ((Sjtj.cuj ft^jji *r ia» 1 " <i I ^ <r< 4> I t »l J-3j . till!} ^Ic JLcl mj ^jj 4jI j 

t 4^_L^M£JI jj>iVi ^ ^5 JXLl ^Jl*JLcu3 t^jj-S jLua^Jl dsLuajl ^ 

-a] I jt 4jjL<_JI i^jJo 
. « Ju^jj (j^/J ^jLa ^jju (Jjt4 Jioa L^Lj cJi^it^j» 

jLu» 4JT f>L^ ^jJ (jl^ ' A 41 . ,> ,.V j m.H ^ J^ajl J jl ^ JUCJ 

J-^Lc Sj ( it CiXl tl*jL£j i(J->.J 4-ji q < (i Q^. I ^ jlr (J^*-*J ((((j-uJ^jJI)) ^ 

jIjJlj jLa-a^v j Irj ^Straddle legged ((SLsi^i}-^^* lt^-^ <J' • ^L^. 



JL>.jJI (3^>-^ : Cj^/VI fjja 4 tj 4 i t 4J—o J-jxjj C^jL£ ^A*\0 ^LjC 

3L_oj (jl ^ dLHJ £ju V U^JI "i ^Ijjjji UJi jjl^ .lJijI jL-iil 

^ YA * _ M * ) «g_jL_Ju» 4^Qj^tJi mi II (j__uL>JLi li )L£ . l^j" Mia 

— o I A , i j 0,1 jrj — j ^jlj^jj Laj ^jl j (jjJI (-» iLj^ . 4 Jjl ui 

3- 1" "'U t-fljJLJI J if . lj1oj"ii.. ) Y , 0j V ^jr^J (-Slj^sVi JLlc I AjlUafj 
Oj) ^ 1 ^ Ju Jl^>- ci l I h i i 4__jj l i < 1 1 1 ^ — <a J_loj^o ^ j iiLaj )) JU->.^j 

^> — LIoj tjpj — j 1 q 1 ^ *i jj jJ_u ^j-J-II t4 gj.'v II aX\ eil I Jlj 

4 i^lS. 4_Luoj (jAil) ^IjaJU j^^l L_3jlaJi Jirj . ^jiukJI ^ >LUj ^ Y * j 

\ Y , t " ^jIj^Lj Jl j-Lal ol !i M j-^ S Y0 ^1 1 • Lq L^j 

g"j 1 1 J Lj>.jJ 1 (3i>^ Ij-^J * 1^ ~t o j 1 a \ 1 jJLu < <> J i lj~' A \ , • j 

t3j J m ^ ^j-^Vl J 4jLjjlr> LoJbljL^wl I^J^-lj j ^yJJ 4-Jjl mil jj -hU 

^ :Y j! > :Y 4 w » i <4 ^ j <i -^Jl CjWI ^1 4 i « tl ML ^ ;1 jM :0 3 .... *'* 
,3jjU ^ YT j AO (JuIjloJI ^Ju* jjl >b CjV^I (^Jj 2 ; ,..:n ; 

ioJ^JLl ^ijjJI ^ t^Ufcf 4jkjJu ciry-aJl ^ u'j>^' jL^il 3j-^j I JLA 

Ji^^lj t4_tSl£ 4£Lj^uJ L^jljJJ J^iiiJ V (J^J? <- r ni ^ (_y<l 4£.^JUuajO jlj) ( it 3jLC (jj8 




ftjj^ Jj^Uol Jj t a jlij JjLuJi J^-u 4_j| L*^ 1 1 a 4^>.LLa ^j^j 

• La JL». 



j ui Ytlj t^o^L-jIt j mi r ^yjLUI (jj-nJt j_>-tjl <U mj-lll j tVt 

(j j)„<; \ < 11 1 1 L^ajV" ( 11 I j t ^ ^ Y i ^ / \ Y i A 1 1 1> ^^jS Ljjj 1 11 t jn j 1 tri"»» 
ajj .4 o-£L_>JI «(jl^J» 4-LjLaJ ^0,1 kjJI ^-JjLliJI 4_p)j j mm 

<<&j>* c>j Kubilai La-LaJ? jl—ua-^J j—uL^JLt o j & *\ £J>j 1 <i |j il| 

^jJl 1 3 n -1 l-< m.\j *^ YVY ^»L_ £. j iJj! Fan - chheng «£JLi» 

/'The Muslim Phao" Qg^lmll 

^3 Contrad Keyser 4_>.<Jo j ^jJI oJJj j-a ^»^ujJI JoiaJa! JjJj .Sju^ija 
j^ia>s t j 1 n^i ^-u^JI I jla j-i^^j 1 • o ^ lJJJII Bellifortis 

. JjLaJLI J-ooJI J-oaxI j-ua^Vl ^JjjJI JU£. jUa ^jJLLlo 4j (^jLi 

j U^tjj .Uii 1 ,1,11 Lr KJl J^iaJI :4jJIUI jLlj^I ( >( ,„^ 

^jJI ^ nil ^ :0 , VO 4 j miij tLajLfl 11 J^UVlj A 
3jl£,LSJLj 4_laj!u_>. 3 Lis ^ cTi i ii a I jj j'.ui a 1^ *»• 
LoLoj 4jjL*jJ( (Jjiaj ^LSJll Jj— Ls 1 4_jjl inti j^a 4 i n(\\ ^^^u I jJ I mil 




L^jjj^ (jjjJLrt La^__l£? i Uj t a ttJJl-i-A 1 g i^tj < mm^I JL-Bj k L_>> jj I 

J) J., i>.l,d ^ Y I A ^L_C ^j^Kj -v. jl — uuw t LljI^ . L-*!^_>. YV * 

jt XJoj OA- ^b^- a>» 4ijJLaJi ^La |<u j^oj * LojjJij Pounds JU^jt 

* Counterweights SJjUJtl obj^ c^l 3 % mulb 1 ^ir J^ju oLa^Ju^ ^! 
(j! I i i.^ <u 1 1 ■i'sjoLLj L^JlJLsoj jjLlaJU 3j^>.jI! oLIii>!)U! . U £>£Jj 



* ** ^ ft 

J^Ld l±U1} jjaj t(<.i,.*r m\\ Jjj ' 7* f rt ) < flj n ^fl £jJJL> AjjLo^a J j * " tl Jjj' T ' 

^jj-uaJlj ^juwjJIj ^^sjjualjLj AjjjJtl i4jLoljJt 4_LiVl ^ (*£->M (ji^- t^ijudi (jJ^. 

Lljv ^JLl u£j-t«3 JU& tAj^LxaLujd] ^laL^. pfl'^ ^Jj j_l±^ JL>. ^1 ^JJjju 

y < Ul jli-l UjL^L. «, ,nr nttl 4J| ^ jJaJJ! $ ..MjiUI 4^rl,„Vl JL« ^ 
JLd (j«alV mVl JJl£. ciJLufc ^1jLq» 4jV JLpJI CjI^oJ ijja ^>4J 

2jJi]| <-< i j I JL>JI 4 t j i tri > J^SMl (jjjJJ 4 j ir>jVI 4^jjL>Jl 4 U. , > Lglaj 

.(jLi!u CjI j Lu3j1 4_ajL^JLL^ ^jyliJI ^jy-A ' t**^ 
uj-S^j — « JjJl_u ( j_ c Sjl — j — c I — >■ fjy-J& J-j S_Ui J^j t*-UI 4JT 

(>* O-^ Jj i'Un *^ 3j_JL) V uj^'j ^Compound pendulum 

SjLij L>^^ ^ <p $ < ii j 4jLa (j-aj i4JSU ^IjJI jj_ua-3JI ^Llo4 

Ijl^J . JjLjJLI (jj^Jl }} 4_iLj>. 2L^>Lc ^ 4JVI Sjjui 

. 4_c j-i-uJl jriii 4_^jtU Jjo-juj jJI jj < ^ 1 1 ^1 ^ « JuljJl 

j^SLJ tljL3. Jj>1o j^jjl) VI Jujjy jjJ JjnMI JjW'rll c^^^J 

iSLflLtail ^^jUw j, \ in a ^jjj j^jJI tij-ju "itt) j^->»JI 3~''~r ' rt ^JL*' 

.3 J j LH ^L 1 t^e-^ ^^11 oj^ii * Whippy ^jjl j 
l^J-^j * ^^JUit u-ajJLXa 4^: igj^il 3>LL1 Jjlm ^3 JiU^u j-^jdl LjIj-* 



t3^uoL>JLl 4jj_oJ! 4 n <ll (jjQ 4oj^j3 £-3 1 j-o Jii j^o ^j-* i— JLili (jr^ 4 t-u <<Vi 

ijr B dul^j ljJ>-\ 1 ij-v. ^LiicJj 1 ij.-v. c-r j i^tj Jill 4^Lj-u ^jVI 

^LuaJa . *Ij-l*JI (^L. ->ljJUj V niVl (j^l 4 j tnilL 4 <iK a 4_cLluo <- ilr Vl 

<4_ A*;ijJU CjIjI t "i r I (j J .jl— ua_>JI t_Jj^-j>. fj^jl JjJa_aV! mil 

£jy ILll i 4_>j^Li-u_*J I 4-JI t ATI CjIjI m C I £y» * 1 < j I 4 m ^Hj j>j_dJJ! Lujj 
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j \ \ + " T I IJuk (jl^ 4_1jJl>J| jj-ueajJI (J_jl£ . 3 JLajtJU 

Sj^-JwVtj i 4_Cj LJ I 4 J C jVlj Mill J <l <nj 

_ I g t ^ t t (jl^ I ^ 'j > i 4_j_JLa_>J 1 4jljJL1 a ! 4 j! i ii Ml 



^ 4_JVjJ! j 4 i o ^Vl jJL ^L^ 1 ^ > ^Uin "U 

^jL^ 4_l-cI nnll Sj^jJI Lr i^. 4_JLj_3 JL-JI lLjLJJLjJI 
^1 4 it c\\\\ Cj^VI 4.,u«jfctj 4jjL1^ t 4_J_^_J| 

tCiiJ j ^ M in'^ . J-jl miU J'^ ^tl C ( mi 

( _ r l£. (jl mmVI <±j^>. (jr fl 1 o ^ a ^L^aLc 4_jjl <i Mill 

. 4^SLuI£1jjq t~\\»*-\\s***\*\\ 4_<jj!j^ 



4JL^ ^ Ijl^. 4jjUi! 4Jji! Juk^ t 4 j « nrtl CiVVl JUtll LaMJw 

Cj^VI ojuk <j\ ^Llaj^ 4-o_9 Jl_uL-uIj 4Jjs! JL>-jj tj <^> <itl I JLA ^ ti>^ 

CjULjul C< 1 (mJj 4( _ r LuLj| (j.j j U" I \ ibLa CxjI^ 1 n*al ^^Hl 

CjLlSll ft! ^^uu tjjji (jjjJI tj^LAjLt^yi 1 II, I ifltl -il^Ij ♦ q^Jaj £ Lg.lt. ! 

O' (_r^ Jri^ <^LLA ^jjo-jJj .^jjJ Cj^-fll^j ^-4-£^Lujf Jl r I <jja 4^1^ 

CajL£ jJai t^uluJLl (j^l 4Jj n 1 1, 1 JjjIjjJI ^j-c ila cJ>L£ 4JJU4JI jl 3jm inti C1L2J JJLl 

4_uUI SlcLJIj <>^jV! <\ l.mj ^jJt Vitruvius «^j^j^u%» cjLLi£ 
^ J^c iCtesibius 

Q^lj flt Pneumatics j/^l t-aJjJU :grifljt> *_tl cjL^JI ^ <2ryj^ 4 mul^tl 
(->!>LJtl Jj2 YV • ^Lc ^Ij-^ <jM^) Philo of Byzantinium ^^j-j-xJI 

j^ail 4_pj^L_4-J CjLflLual (_j\r \ $ * i <\ y t^jfi *kj (^jF^l ^ i n <H ^j- < Inn ^ 

j-^Vl *>^>JI ol-^ t( ^J^ .^^ii-oVl pjlj'q 
tjj^o^J ^jj^Vl CjLoJJJLI La! .Qjij"^ 4 njn-v. 4"i n n't (J^Uj i43jLx CjVI 

a., t; Jj^/I (jj-UI j ^ ' ^ " * ^ ^ \U miLj 0^) Hero of Alexandria ^jjuSLwVl 
Automata j Pneumatics ^Ll^ J!Lo iL^L JI^j V L^La jjlc LLj^j t(j>LJLi 

^j^i < r> Ml (jl jJ^ojjJLI (j^J . 4--ijjjiJI 4_il!1 4-jaj>.^aII 4jr < gjjl VI Luajl 

. 4_L«^_tulj <i .U^ .ij 4„»?Li.uj l< ilA lIjI^Llo] (j^Loilj ^j-u J.j <a 1 cJt_Jtj ^y* ^jVj^l 
4_uLs CjLoJT (jLijuaj 1 o ^jiV n 6 a J^ 1 *^ ^JLjlII (^Jl ^bj) i n Ul tj^l ir> nt lj 

Lc^ t 4-jjLu/LuJlj ^ j U \ j j , U ul>^I cr^ ^LH^' 4-uLI! cj1x.LuiJI 4x.Lit-o jL_ii2j 



I j jl_>^ I 4j^LjJ1 3j_>.VI (j! j-aj . Ljjj_5j ^ j^Lj.U j_<_ul_lJI j^jj < U i ill jt ^yifl 

^Jit ^Uf (j' 1 £lU < a tjj^lJ (jj^-iAj 0>L^ (JL* 1 ^^ O- 41 < ^ ' " 

(JL*£.Lj 5bjUL* f a /^jjj <— »VL>JLI ^Ir 4-o j IS r 3 j !n j < »j 

jj-LaJI ^j- 45 ^-Aj — L-a «J ij^-ojl i_u lj_)L_£ ^->! (Jj — III 

fdl_*Jl ^ IjJLiij Ls^jl^ ^Ur .(5^jL>Jl <ZjV^M) J-i^Jl s-^jj 

j — mi r jjIj-JI £xj 2JI ^3-3 j In t II £jJ-U i^jj-L^ Jj — 2j . i^r^^ — 

4_u>-i-iJ CjLcLLl^I ^ ^ in "j 4 .j a U H J^l <ya L>Ll£ [lS^il£^JLl] 
4_>j « / <~\ t ^ ^ ^ At 1 iJf lc Jj I t *< ml Lc->j^ 4_a^ ln*j m II Jj -stlj 

7c_jjLo^4» 4 j <iWII ^j^LJLl j-^LxJI Qj—uJ I 4_c^-4juj^« Lj jJ^j (j( ^ 1 iii 

L^q„ \ V" 1 nl ^l!l CjLj^£JLL) ^sL>- ^ 1 11 ^Jl-C i 1>1J 1 ^jIL>0 1 *^ t f Is ? 1 1 
CjL%llajuaJlf <jr l^ j 1 n ~1 <i"i V j) < «jJL I oJLAj ,«4 ijTtll CjWI ^Luud» 

< .rtl 3J^j_>* L_al i^jf ^ jl-o3 L^jl Jj * Terminology II 4 j \^\\ 

.4^lLkXI oVVl 

. ^^>-^ILLI j . I 4 jii mU ^ ■ ■ 'j ^ j^JLi JLi£.i j«-uaj ^jjijuo jJjj-J! i—jLj^J 4 7t^7i-*,i 2 a a ^3 



LuL-o/i <ya ^*^jljJLl (^ju [^j^l ] 4 m< ^^jj '..til cjUj-^i 

4-V ...,» oj-b *<-Juai>Uj ,^jM_JLI ^ <*ri r ^JkL>Jl (jj^SJI ^ 4 j a^L^Vi 

tjU t ciUji j-aj . 1 A jjj ^pJI cjWI 4 .C L-<.4 ^> 4_aj ^-Ls ^LHJu_«_4j I 4_B Ju 
1 JlA / — j3 4 < 4 <-*a (jj . 4 lu 4 tfv t pjj TTi 1 I n n^j L^juq ^ n n La 

djVT ^nfl V \ 1 >\\ \ J i 4 jj| a CjI c\ lm CuJ>l £ J «tl 

CjVT ^j-^ <^> Tt +4 jfA a (* . ' *™ J ^ T r 4 f nl j_t jl Jlj 4_x£_ul « ^jj I 

J^>1 i„t 4^1 jLit.."< 1 J 4JVj 1 g okf 1 JjJ t 4^o SJlc j .oLul ^jl jJLl 

4Jglr> a 4_dLi^>jt C^jL^j t I 1 nJ 4 O^J) ' n J U^? ^ * f ^ ^ * (*^~*~ J-^ J)"' ^*Jh 
4^Jal nMi jj-ua-*]l (JJua .4 ru.l^tl ^ 4-ig ^Vl 4_iJL) jLoX-Vl ^j_4J 

JLfl (jL£ 4_)Ll^ lJj-jJG C<iiJ 4jLi 4J3J3 ljUJU>Uj iL-jllSJ! I JLA 4 a, \ rt ^ 4_> 

S ....i^tl ( j A 4-^jjjm u^jLlJL! p ^ t-jLlSUI ^ ^ t * Artuqid Princes 

4jLj^ f ^ ' ■ -~ ^j^>J! (j! 4 j n -v. JJUJ 4 1 o ^Vl 4 1 urti jJLoJLj^ 

A q /* I : , ^ ^ 1 ^ "j 4J| ^ < m <y ->J i 4 (JSLJ 1 n 4JL4 I <^>^ ^JL^ <- <j 

Lr £ 4^ 4_jJUj <dj_x5 (jrAj -llj-ja j^yij ^J) 4-ul.i'i tL ^jljJ,l t.rtjV ^ JUAja ^1 Juu^vl (J-uJlL^JLI jjfc (*) 

Juan Vernel, R alisation m caniques de [ Islam occidental. Pour La Science No. 195 -j-^-lj) 

.[^^l] (Janvier 1994 



.5 \ £j\ 1*1 Si 



dU£.j2\ - CjLcLuJ! *. ^^-A ^1 CjVLLq) ClLc jjuDJ-A 4 "h i LT l£- *-_lLt£LJ! 

djIjjJaLUl _ JUua-flJI ^LlA CjIjjIj JjIj-jjJI {jlj lrTi ( nl 4 j f _ 4-CjLjJ) 
Caj>Jj-C. . 4-C j) u a CjVT _ dLJLl jjSj oVT - ^^tUI 4_jjI j 4 j rt j < iij^g CjVT^ 
i t j tl <LaJL> < j_A 4_1!LaI ^j!uj3Ljj ' *j ' J^jLuJI (J in ntl <?LjJLi CjVT 

iLibros del Saber de Astronomia ^juuu^ iCastilian 4-Jl"< MiStl 4_iJJL» 

olLUI 4*>JlU 

Jl j^UJI 

(Jjq (!ujj t__iL_a^JI 4j1 £j ^Ja ^ \ m <«j ^ jJ I <n ntlj * ^ j mil ^J l * 11 

4 jtl j Cj IjLiiuVI ^ia-xj . 4_JL_4_£ jlJI cj I j i T I ^^Jl I crj->-jJ-Hj 

Toledo 4 iUjiU , \ ir Tag as Sl^wLj j^j n <>> u If (jrp j j j < jtLuLa 
tc<4jJI LT i£. n * (jVju V ^jl "t c\ i n \\ jLjLaj . ^ > »A* c ^\ >■ 

I o ^|jL3>j t( jii£lj^J (j^Lfl ^ (^J>LJLl j Mif J-jIjJI Lr^ ^ " ^ ^ 

Cj I _}L^__*IuJ!j j jj I ^ " ^ A . i j r xj L_5 4JLjJL>3 a j i-cD Ljl>3 ^j^a ^ ^ ' ^ J 

2L*it_i^ 4_oLo CjLcL^ ^Lj j^tj jLjjlfllll JlSjj 4jjLjVI 4JjVlj 4-_ui^lll 

<X.L-u J ^ ' ^"1 43l O jl^l ^1 I jl *f"l i ill ^Jjt^-Jl CjVT (j- 4 ->J^-C- 

I n 3 j j^j"* ^ j ^ I ^jLjJjVI ^jLjJVI . 4Jcla^ tJL-ua-iJ! ^jjul j n T 4_Hj i4_uLa 



{LloUjwUI SjUaail ^» Km V1QH9 fa^iall 




(MS Greaves 27, f. 4r) YV jj^aj^ 4l»^Ia>w« <<jLJ^^j 2Lu$ a 



I 

. JL-Ld-jLoll 4jj! <i**i a CjLxjJLj 4-uLa Cl)LcL<-aJ L^Lud^t t^jL^Vl CjLoJJJLI (jlJ 

. Water machinery <?L_JU 4-^11^ JjJLAlJI 4_J| <» Ajf 4j! 

I JLC I o j 4 i <j \j iXj 4_cLi_ii 4.*m IT CaIjLaj m£JlI1 (^j^_>JI 4Jjl3 4_cu_<2J #. (jr *iJtj 

J irt Atl ( _ r Js ^j^>J( L^^juoj t _ ;r jJI i '^tt 4_uLU 4_cLuJ1 < * i in < rn 
(Jj-a i _ r fl LjJlJL2j 4^g .\ V ~ < rit,l 4_jJLaJI (_ .-jJL-uVl j J^iaJI 4_j1"1 ^ ^j^a JjVl 

I f ■ LdJj 1 i « in *>J j ^jj^^-jJ I £ya 4_iL*i ^j^a 4-C.l i nit J^aLaJI 4^kjJ| 

J I JU>J 1 y^j^A 4 *i.LJ a i l^,7<-<> jV(.,<-u ^ V l^>- I ^ is*tj£. $ \j **l J*t *l < n Y Y 

\c j imo Zodiac Circle 5>j1j c<* <>>j 4_ 4 l < LAJi ^ If f jlLc .J^JLmjTJI 

( A \ (jl ijJ<a_ij . \ j ~t ,<a.j "i i i ii \ Y ' ^jJl j^>. tr*4 t (3JL^ ^ fl (j-"L*-> 

KH ^LdJjVI ^jLa *urJ-*->4 C*Bj (Jr 3 m^^j (jL^ (^jJI jjfc lUn 4 (^j-Ul I JLA 

L7 _o! ^j^_JI SjjI j 2LflL>. <r »,o ( m4 ♦ \j 1 o i, i ii YAo ^Ij^ 4-cl mil 
jj^L!L«j tjL " j ... -^ .Lj>>j (jljjjjL^j ^I^jVI ^jub (Ji*lj j-judjj 1 1 a mi 4 j mi r 

( _ r fl inll \ Q 1 4j-a jjjjl Lxa 1 o ^ < >a ciljj»_>J ^j^U ij n n \ \ $ ^ <> ^ Mill 

^yA <. h t/y iJ^—jJI Sjji-i J <i mi I t4— i*?iU ^^yLc) JLlC j Sjjlj 
a 2L5ijjJ| 4_pL%.t < ir> I " (j-a i4_>.jJjJLI 4_i_3jjJ| c-jI^jVI 

ujI^jVI ^j-a 4_jjLjJI 4^j ^ Juv .4^iiLt!uJl (4_5e_jJa) ^ cH 

^l— >-jJi (j^a Sjj J — 4 ^ Y I j *q J-^3J i^jyJLcl ^yJI \ £ jjJ ^ Sj^l J < h ts\ i 

. ^ 1 1 n \ $ j ^ jjli <t 4jj^Aj Ju>.^j ^ n m (J-a_i_u 1 j * S 1 ^ mi <\ (J->-1 J ^-a-juaVl 



<LiAlJUifUI SjLaaJI ^9 Sw V19II9 p^Jbdl 




(s -v) jsL^i^at v*< : *- v 



SjjIj Cj( ju (J^lJt JjJUjj jt) j y All JU£. :(_yL La-£ J j t t*i"tl 
JUuj In mtt ujIojVI t-kjua ^Lal ^LIaHjIj J}C$_JI cijjjo t j_>J ^j-^uf i *iK 

^ JjVl l_jLJI Ll^jj o'd jljj if. i^j^JjVI OroLxJI drjj sj^ 2lcL jjlh* 

(j^a l^La J£ Jjllolj tL^lsti^l Oj-Jaj t^LaVl (^JJ j^AjuoJI C»i > t l * i ill" V 4 

t n i^i t ^^JjVl 3jj JlU Ci^r j t . 4jj*AjJ1 ^JLuaJ! ^^-Lc >in rt i ii "it aj\ ni4 

i ° \ A ♦ cjj! j jJd £jj>_jJt j ojL£ ^j_JI <jL^j jlIc . L«L«S »»t >>> 4 SjjI jJI 

4 t ( wljJIj 4 t ojlta.1l CjLg.l-t*i.ll JlIc ^ j J rtj < njJU , CjIjj JlU J£ j 

m 

<Jjt>* (J bJLjk ^ 4 <k A . 4 aV"i V 4 CjI—jJ I MJa^cwl OAjJI y ml jlj Ju» (JjLu^j 

OiI^jiJI 4Jftj-_c JlLc ^jj-j>JI 4^^ ^ ^4 »UI ^jj* LaJir . 1 jtr>->J 

^Lct nil! ^Ij 4 tu ^Us 3j3_x-o ^^ic J^4^Jl I JLA cJkJ^II JlaL-i^ I *A\tr 
fjyJA ^J-i3 ^ I 3 Jj^>JL! ^uJlj < rt <V«^J (j? tK<« L>^ ^ ^ 4 t ttrfcU ^j^lj ntL» 
^jUL-a ^JjV 4jji rt < r ^JLd4 CjljL^ . «Lj4 t^jiJ I 4j9jJlj ^^"t uttt 

tin it <jl tiJlJLA (j-oJ .Feed - back control 4^jl jjJL^VI 2ul\4"tL> ^5v ^"iU 

J-4-3 I 4l*l * Hjuui J 4- (jj} ^I^JL^Vf IjLA 4 | ,„'» ^ ciLiSJJ 



KjolhuUI 6jUoaJI |^fl Kin ViQllg p^laJI 



J^JU Cx_)L£ t<L<u JLaJl oLcLcuJI JuJUlII Jjuo t4_cl (nil jufc .*LU ^jLj_ 

(j ^UJi G 4_3tJLflJI Jo ^ 4 nr- V> mi a 4j^j) J 4 j <i >r» 4_al_^>JI j^JU 




^yjl j LJjli (j-4 . jrjj rtj ntjll < Vij (Vnt i^LuLa AIsh G 4 <«t^j J ^il ujL»IS :V - V J*v < "M l 
a j V-» ^ (<jLd^j 4-uISLa .M£jJj>Jt CjLcLu/ ^■L^.rv ui a 4 q.V> j) Olaj^^jum) 

(MS Greaves 27, f. 61r.) YV JJu^ 



****** •* ■ * •**• 




J^qjJ £jJU>u V 4 j ft tn\\ jljG LaJLicj i4-3tILaJl ^1 <j>\^j t SLo^Llu 

3j_jL*_>q 4_>.jJLi lJu^jj (4_2_i3J j-j-C 4 <nJ rttl cl_U (jLjj— CjI ok <.-o 



SuuoULuiUI 5 jbnall Km ViQllg pglaJi 



.-lis 

^yJL. Cams oLxjI^ cj! j 43 jJU , 4_L=t^ ^Ul ^Aj^j IujJlc j i( jl^>JI I 




IN 

iBjuc cjI^q ^Vl ^UiJJI ljufc tijj-^ V " .(V _ V J£AJt jJail) 
ujjILiu LaJu£. * I ^ ^11 ^Lcj ^Ull ^3Lj *(3j„iJI ^^JajLc. Cjj-*^ (^Lao 



^ ^i r LtxU iJoU: jiU* t <j^>Ji ^Ij 

L7 JS j\ <— JjL^ (jjj (^-B j *U < n L)'j-^ Lr^ U m< (jri^ J^JtiJ J ^ miSM 

3 Ji-Blj (-"1 1 Ti . 4 ■ Iritl c_4_jI 3t_> j-A uaJ I F <_>«!j Jlj^> t( 1 $\trt ^ c>^-^ 

t L&jj£^_A ~r <j I ^Jju3j3 *2jua_cVl j ■ ^ Ljj^^-A 4 1 * "j mi a 

J-Aj idjjlj 4-Lufc (jr^- W-^AJ * J ^ 0**^J 0^° LlJjJs 1 $ i 11 jj Jj! 

Cj^L-A^djJI 4_La_«_ut^j (j|^>Jl c_uLje_i (_P»j^>J| lLxj^j * 2^£Lj j^joV! ^-fl 
j^J^A i t JjUS H 1*1 1 Ml £_A 4 « trt a Jlf K Miin^ ^*Lj i B 

jJajl) 4 tin U ^ 3 j Ti m.U Jn -hjM 3>LUI 4_JT ^\ < ,j ih nil i Jufc 

J') *JJ-i3 O^J— lr ***** ' A } ^ ud^H 4 1 mi 1 1 h J-t-oj-j .(0 _ V JSLJuJi 

<4 a j A j Q^" hi) 4_cL_uj (jy-Aj t4 j r LSjVI 4 \ \ AjJ I SjJLaJI 4j| Jlj 

1 11 f^c- \j n 1i 11 ^jLail {_p3>^>Jt t(«4_IjLjuuo ^ jr. » 4x.l_i_u Cu njtj 

H < / 1\ mil c_j Jl_>- Jljju£.j i3 L_?c_a ^juUr ^j! ^Jl 1 j y jj Jlj ^j&VJl <*u m^ULI 

1 v < r j *S^£UI ojj < j 1 <m ^ •■■'A V I ^j-ulj qs* A V m *^ 4(^*3^1 ^Js ojl n < a 

4_> Ui ^jmL) D 4 1 Mil Mil I j B Cj^-^ud j o 11 ciJ^ "1 ut 1 1 (JjL-tUI i,tt 1 in ^^j^JI 

^-OJ^-J f- LoVl «JUb * JoJLj^ ^j^a pill ^tri mi ^ \c. j 7i ~t 1 <ij c I a £ya 

Jlj>-jj .(^j^S-t dj^ja SjjjJI I JUlJJ ^ I 4jujudj ^1 J j t jt ^ t-^Vl 

ij-A Ijt^Jj .[4-C.LwJI J_4_C jl^ glMiV] oljiLU Oj-=" J^ijU 

Ij^a! 4_cL_ioJI *_3L_SjI ^-Ij i^jj-^'l Ji-iJij-lJ 4__j_aJ! J ^ J^j .»tt 

^UiuLI SLflj^nai ajl^aVl ^jLflf jl^v! Ijl^j . Lbli JJ=> 6*>^t ^Ul 
.Closed loop system 4 nUU 5j^*Jl j! 4 i ^->1 ^lX\ 4 A ^.t-ll 



<Lu>UUjU! SjliASJI yg& Sill V19U9 p^UJI 




(MS Greaves 27, f. 50r.) rv^j-aj^ aio^la^** 



^LxS ^Itr.j CjLcLjJI 4£.Lu-<a jj^Ij ^yS 3j j i*S 4_jjo-A? CjIj m£>>-5 2LcLu*j tllLlA 

rys Q3^Z Libros del Saber «4_3j_a1I cj! " *s» ^ 3j>j_3*j_a * Horology ^jJ! 

l^^Lc-S ^SLaJj i^lSLxLj i^jLutjl j! <- ( .^i -yJl Jya 4jI i ni 

3^ mi f. ^ylujl ( _ T J1 p < " ^ « 5 , ^ Juk <jj-L>-1^-M *J * ^ ft-juo jt ^-g i*iiJ 

4_tlal!ij jj^JU 4_JI 4la^ul Lgj^Ua * i~ oj \ & (ejVjJ ) 4 It- r 4_i_aij JuLnil 

(2LilL*i^) jj.ti^> (j^ijj j>>JU ^JfL jl^-jj aUj£ ,2l1ajl!I J^>* 43 ^Aa weightdrive 

Libros «44^jtit -J^Vl f Lc. Weightdriven clock 4jl 

^jl9 « j j , njjL j jl rj» ^jSJ ^ 4-jJUajVI jlb del Saber 

3 ^ cjLcL-JI L^jV 5 t M mi Compartmental cylinder clocks cjIj j-^oJI 

^ 4 V a CjLcL-4-JI oJub C-JL^ ,4 if IjjJI (jLLiil ^ 4 i^L>>j t( jruJ>LJLl 

^Lo (jl^ .Umi^JI (jl (jjs Libros del Saber «4^jJ,1 ujL^» 1 ^U^" ^pJl cjLcLJI 
£_a t 1 1 L^jIjj^ LtjfcjjjLi ^ In r> L^Jj! j 4jl < c-ol^j ^^-A) u-^J 

jj_>.j CjL_jj| u^oj ^ t4jij)li i nVl LxiLv a,\ oft ^1 f. CjLcI i^ILi ^o^U ^jjJu 

cjLc! M.tl ^ (jJLlJbj _ Libros del saber 2Laj _m " < ^ >-^<l j * jjU 

CjIj jl^t "kJI ol J 2 , t_o JJ? (j^a ^a£^JL)j . i ^1 mi! I VLse- a ^JU V L*j 



****** •* I " 

La-t-tfsj d \) Q Cy* Cr^J^' 4JLaiJ 4_jtJjV! <Jj) ntl ^jj^Jt ^ ^Js 

<jlA (V _ V) j ("V _ V) Q^K^JI .4 , .nj^ll jj^rjjl 4^j <>* 

3_>Lc) £-^>>-J (V _ V) J< .Mi .£jJdl Ijla ^ 4__oLll! 4^c\ ,ntl 
l_s^L_«J1 .<lLcj_*oJ1 ^"i *ojj-^J T L-aL^j *ou ■>■ a 4—* ^.. JoJ I 

.4-juLli.ti 3jlcLHj (—fl^LiJI \ c \ iLaLoj I In r « a (j^LjJ 

1 4„t -q. m i 1 1 Jrt iu\ i ^ r JjUt-a j j k» * J . frllri t tl <_- r 2 t. < nl J5>La*. 4l m nil 

> 

J^U cJpt *3 *ui>>UJI l-JLk 

Jj jAxuf Ale u^5j ^ CxlajJJ (^Lu^jJI) Oj^l er^ 
3j-ii-jJl ^LLaJj tu_d^L_iJI <- r u\ y L? j& j-*^ ^ *Dj>^' Jfl mf J ir 4,, nl^ 

4_cL_toi *UJJ^' J * Lr^ 1 ' Lr^l ^ ^ ^ J^ 3 J >^>^' jjUtj J--9JUJ 

cr^ <— ^j^tJlJI ^ j_4-AJI ^j-j?tlij .(JjLsj jjj! J£ jl jjlA' ^ I * j.** 

U^^LiJi Jj>-I ^ ^4. Mill ^J-ij <-.r.l nil 4_t-oL>*J i^jL^Vl ^ ^ ^ "tt 

1 jla ^ ^JLl (^jJI Libros del Saber 2LajjJLI <->Ll^ ^ 4< ^.^,11 4x.Ldu 



(j^uJj i^La L^lo * -Vj/^Lj VjI ^Loj :jjj-Lud L4J :Y*\ £^>AJ 

• UU1 

Cjj glr> CjVI t jjO JjuoVl (3^* 4 V 1 <n 4 n jrt ->J| j St % j ^4>» jLcj i JJ^- ^>fj 
LLbj-stlfl 1 aJ <fi j j **( t j ^gJI r I <;Lx Lo pint a (jf VI * jij^__L<b j\ qjLlS Jl r f 

5jL^_d 1 j>^i J-la : Automatic controls ^1 jJ! ^L^t ^Jaj JL*_^ ^ 4 j .m nj 

Jjj ^Jj t4."n.V -nII CjVVI 4__u2j ^ 4 j jJL (^jj^JLl ^1 g mtlj 

4-1 i n't Cif <^>Lo *^J^fcU 4x.l_4_a Jjl 4jji^ja_<-uVI 4jJ t"Jlj ^cSLstjJl 

r^llJI J-*^l cr^ lt^J-* 1 ur^ J^JI «_iL£ 4JojUVa ^ US (-flU-ajVl (*) 
C ■ »_f j ^jLa il-Laj? «^U^ ',j <LLjjlj jljL^ll j 4_ulj Cj-AsI C < *_r>> ^ IjLd ; i j_tiJ I 7^^y>- 

<n_jlj_jJI ^ l^oi fL;r ii oijj ^ylLx Jijp ^ udJ jf>j ijtjLllI i_dJ j ^jjfcj 4i!lj >:< ilia? 

Outlet *UI 4_La j^yx^ JlII <— jJbj *J>-^' : JljjJlJ (Jiix <>>>■ J-*^- n :> ^^ ^■ J > 4 -* 

Jljj V i^Uj^j (Jlj^Jt J^q (i^J^ "r'b-^JI ^ L r CJU3 ^ t^j^J J'J>^' (>" 
jL^jb/l ^jiuLj t_ »>-flJLi j-ualjJLl ^ ^ ^Trough (^^^vj J^-^» ^j^«u 

3Jl>-1j J L>- ^ 1^ Ij j| ^ «-_iljjJi 1 ' ^jjiLLII ^-l<vjv- i g I xi i—S^jJuj^ -a a 415 Liij_AJ 



^txiaj (jj-i jljLuJI ^l^Lvl JjrtVn ^jl ^1 (tfj ) n r nil J^*" . m <^ 1 1^.^ 

(jr A lJj ^LlU j_u>JI I jjfc (jfl (jt j-uj^i (^jJLj jjJLajJ 4_2j^L J^>> ftjj 

The Book of Ingenious Jj_^J! c_»Ll£ ^ La j V 7 , « U cjLJ^M a LaLLS 
^yk. 4 rti'i V-o Jjlj-i^ 4j^Ij ^-ir 1 .< <o SjLuc V I 4JV1 . Devices 

Topkapi (A3474) ^\ * .U aJo^Lit 

<i r nj T < <n"TI . 4_u^_*JI c-djj^>Jl £yi VjU 4_jjL<3J^JI lj9Jjl>JI 4 j A j 

BE 3 AD v-uUVI uklj-Ut 

B j B (jiai-itlo A .ujjjj-jJI {jr Li F ^ P j Q CiljIj-iJl Vi" JZ j 

cj\ oK^ _ I » *^ ^Jo jlLc »1U« t BE j AD tj^xij-jjVt (j— 4 J£ jj^j . J (j^rtV 1* 

(jSo ^-JL-*) 1 a ^t^L>. « .<<ntl J^_atj*j JjIj-_*jJ1 I Ju^c t V I ^ ^ *t| 

.(^IcjJl I Ju4> ^ ^j^-JLl I p5a£.\ L*43^3 JjLJI ^ j?i 1 1,1 <a 
JlIc (jyJajjJx-A ^L-*_tO JL>-jJJ i P (jlj^>JL F ^jl^_>Jl J-uaJ HX 4j^_ijVl 
Jjusjj VS 4jjojV| 4 JUL . M SjjJLuaJ! 4-^IjjlJI 4^_oj AjjIjLui Cu>>J t ^_3jJoJI 

ryi 4_xjL>> 2^>->Ji Jy> ^Jtj-jJlJ JJ^JLl 4j3-uf J 6^ *L t<n\\ 4^j1jjlJL 

td^>JI Jj^^ JjLi-uJi <. i<^j » K jj. u<^> Sj->JI ^jL>. L^_j£.j tQ <jl^iJt 

(jl ( jla^lflJLtj *Q (jlj-iJI ^1 AD j^>lt ^^"lo 2^A>^' i dtl c-jL < u i/ft 

^u-o? JjVl jUJLt ^ 'cr»^l 
4j^ojSfl j^C LijJfcjJ dJliJI JjLlJI i .i.nj .P o^J^' Cr^l ^J-Sjll qjajllJ\ 

u** Jj^' (JjL <-J! ^ a K j j l ii^tt l *F ^jtj-^Jl ^1 Vj-uaj JZ 

Liajl L^1j»->Jj ^j-" [Outlet pipe JjUJI 4_Lo St 1 ^^'] W>? 0' >^ ^"^L^ 



dJliJI c^L^ M ^ci^l • VSLK jLJLl P o\y±l\ fel^ 

. HXMVSLK jLJll Jj>L J*. 
Cy* >Uf ^jJI JDHT *U^j! <>. fcjSL* L^U ^ 4_uLiJI 4J^! Uf 

^oJtJj^ Z <Lc!j_c J-wjj S ^Ij^iJl <Ji*lj (jr* Jj^>- A^J^* ^^Vl I JlAj 

L ten OJLa <jL£ -{jM-^\ (jr^J^l^ LT* <jr*^ t^U-t-aJI j£ ^ JjVl 




l£L! j c_aL»_Loi L^La j-a-Jjj ^-jIjjI jt u^=*j Sj^L^ tjic ^AjLa [ Vessel *Ltj] 



<LtolbuUI d j Lord 1 <v hi Viphg p^laJI 

L1»J1 43^-iJI J^l J ^1 t-jL n.Mfl iX t-^alll ^jjC ^LcjJI ^3 *LU L.i^t 

(jJ-itJ iF j G t>u_ <» — 5JI ^j^a u^j^Js "< mi a (^JJ vLll (Jjusu La, A 1c . G 
Ijl -DJCK uL^' Uj>A3 ^JtU, <j? ^1 v ,.nf| j „ " ,.„j »M ^1 o 
< tn rt < (M G >J i jJL 1 £ LI I £ya 4 U < djJLa 4 \ Lo ^j^iV ui Ju>- 1 
t]/Uj r ii < U ^Jl S j G (jLjIj—iJi o ^ *"' ^ J.3 *^ <u-uaJI ^r"i njj 4 alj) til 

4 B\ ma !l ' k * • -** 4 a I j t II iG ijl^—iJi a <j — -a Sj, ^ i ^ 

CjLJVI ^Jls! ^ dJU>-lj <j <\ / rtTt i till J ijLiJVIj 4_jloul]l 4JVI 

. 4£jj*Jl 4_jjLl) 




jjAjuit ^yJJ i— >1 > fi ijLuujJI fjyle- 4ju-uI^JI 4j^jjV1 ("<jjJI < ^ i i^tj . <J j I ^jJ I 

^ cyu^ ^LtxJJt (ju* .olj^il J^-t-i WZ a.5.uMl 4^Vt S ^j^Vl 

mi < j T i^- A 4-joIj-C jiiu <m .jl Mill I JlA jj>l3 (j^- ol>-*^^ (jr^! * Jj^-i 

4^Vt Ji^\ CT JI H 3£j 

3^SLJI j^jtjo ^lr 3j j 1 5> 4 Tf i ii a <j l-»r r . L {^-oL-ajJI ^ya J-Sj Joj^jj 

(jjSLjj i4ijLa AE 4 <X 4jj_jjI m^LlJI ^jlj^-Jl c_*jL>. 

ct^JI rt n ,]^>J.'ff . PN "iii^IaJ! 4-ujjfjJI 4j^jjVI 4j1_4J ujj^ mUI J-uoj <jl ^yJJ 
i ii^ J— t^lj m.! I ^1 ju-V if OjjJI ^Jjw Juj iLjJol>J 4jj_-uVl l_3j-Ls < h mi ^ tj 

T 4_jqI j-JtJi cJjj 1 m^j)**i mil * Uj ^ 1 <i Kj . II\£Laj iLJ^>J ujI.j < n >VI 

«ij ,\ t, "ttlj ^£LseJl]t ^Ltu (j| « 4lj "i .At! (j 1 ! j 1*1 ijr A 3 f Y 4 u « fill 4 til Cj j I J j 
4_jjLH \c\ .pill ^3 La J V" i n a Luul ^jl^ JjJL » n^q «- < aI J.Vi i uIj 4j J I < nV \ 

tjub Ji^j i^Sj L^JSiJj tLibros del Saber «4Jaj_«Il *-jLl£» \ $ n ^plt 

4->oJ V" Mil (^jdl 4jjbjJLi-uVt ^JUtjJL) ^SLstaJl ^Uaj ^ DjL^o m^jJI JUxaaoJI 

* 1 mi m 4^.jJl1Li 5>*>J^ L^jt VI <m£j3-^1I 

tLuulj * 1 JL^- 4_jr j **■ mi ill Ijifl,! rtj (jr^^ <-dLuajVt ^jV L«j!j < nit ^jqVL 

f.jJLl aLilu! &Lojl!Llx>I Jj-o V I jlv j-xaS jl>- ^jJJ cjW! ju juJI 4jLwu 

:4_JLUt oLJ^I LLlfl UiSJj ^ 

c_j_i-caj^ 4_MdLaU 4 ^j^e-i ^Ij-jjj 4jlxju3» : 4,.>^.t Lcj ^Jo^Jt c_jLj£ (j 3 <JV1 dJLA ^ '^'J-* lJlj^j (*) 



J. i A 



CiLjJVi - LuLoIj J-caj 4_tla j^ini I oLaLo-uaJl - {^j£,jX 

4 j rrt It ^^j-jjlJL ( ^jLj Jj-oJI LUSLqjj ,4_xjl^Jfc (JjL-uJ ^ 1 Jiir ~ < nL> 4jpl J^-u-uVi 

4-oj1 $ <lt jjLjJJI ^iaJLJ 4JbLd3 < " t i <jl 1 ^ *■ uj 4_jL-3 t j, \K ft j^Loj 

*4ljJL>Jt ^j^p^JVi 4_^JLL^LI 

^^yjj Sj-^jw I £yj Jol^uj! CxjL£ OJlA 4jj^j>.! ( 2>SJ i 4_C j L_J I 4aX.j}U 4ljLi-uj <jf JL>*J 

Ju 4j^L_1I1 I 4JjLij La t uLxi-uaJI 4 trw t <n CjI^ j t**i ^tjL^JLut 

«f >JI Ufll trill 

(J.gjJ I J-jIoj 1 i cJLufc ^£L1 - 4_lLq j CjIjLiIoL^ - 4»o*jJ^_uj 4^jl<a.< u _ 4»_jjLaiuJ! 

4JLi^j ^ 3jj^-^5_>3 ^Lq-Ia>U L»j^- 4_^_j>JI 4-uij oWI j />SLI .£>iii 

4_juoLv 4_a_^L) .4_t^UI CjL^LoJI Lg-Js Uj ^^IjJLl CjVT ^ l^^oa .^JiljJL! 
<UjLa>3 .t^-uo 4.La.tl 3 j-x-^Jl! 4.^. < nil o>XA . 1 ^ jjljusj L^jj Jl3 < ., > i 

CjVT J^j-juj *4 <i j ^lSLskj ^Jajj CjL-JI L7 ^-C dJL-j-^G j^c i (jr uuj^o ^ylj (J-«-JU 
CjL^Lm-o ^ JljJll 4_L>j-Liit_4 f) Vj .4^jL!aA ^_ukLa>a fj^usul (^ylJt (^j^>Jl 
j! t4jjjj>j "i < nVi <j Jljl-jJIj ^SL-tkj 4 gfci <l jt j 4 *^ tS 1 1 jl i4 j ^>Jj> ^ ^ 

(JaiuIuJI j ts>'tC jjl ^ lr .4_us^L-uVi 4_jJ^/i 4aJLSaJl ^_jLL^j 4^a^jjjj-a l_-Uj>j3 J 

^ j^i3 *^jl>ll J^- ^ LJlc. j-JLaJU t^Su Intermittent operation jJoSolt 

jjjja . 4 a (JjLloj^J (3^>o 4j£Jj i4_lVjJlj 4_t4j^Vl £-JL} j^ualc ^ ! 4 n jrt^v 



3j>j£jJU <LudL>J1 (jjuj^jji ^1 d*Al t _ JL>iJ t^rJ'W. i^JJlJf^-^J <W^3 CjLLuoJJ 

tjJjI^lJl ^^ic mi t"tt) lILLAjJI J-c-juJ ^ylJl 4j->LjJI J-J-^>- - 

.^jjjlII liLLIUIj ijuoLuil oLLiuJIj 




(MS Orient. 152. f. 1 Iv) 



i(jgjJ^>Jl <JL>LcL_u_) C-uj^jS Lo I 4y'*i j i " tl (^y^-fl i<L>Li^ ^Joxa 

(U _V) JSLiJI 

(jylc 4_Cj_iIoj_fl 4 I Mil r 11 ^ ' ' I JU-OJtJ J-Aj i(jJxAL>Jt ^ *!l 

* 3 j- \ Jk . uo jJjjLqj jL^J^J j^>- 1 (2)-* 4— qJilu-d 4_jjLoj (J-uaij_Aj " m i Jl>.|j ' /* >^ 
3 1 ^jJjulg (JSLmij 4 j*\ j^I^Lj-a 4 t j t-ulj^- JL>.| ^ If dJLA <r# t„i^»j 

4-Itt-jT, ^ JiUIu (jyJjVl ^ilj^JelJI 4_Jl OjL£ > Jja,uJI t Ij^-I £jr l£. ^^IL>o 4 <lf 

^_jj_i_uj^u L&Lu (jyltll 4 flV i^tl 4_c LxjuJ! ^jj JuJ 4_oLa 4 f J V " t m\ I 

CjLqLiJ jJSj^jj ^jJliuaJl JJJt-« (jr^ 4_ijU.! 41%jlII ( ; n^p ^oJ 

1 Juk (jyi-c 4_i_S»j_jfl 4j hi 4jj-^>-11 4 1 ntl _ ^jjLuuaJt ^jljJL^. (JT 3 4 "„ 1*1.4 

LfcjJa^j a<Uj4^Lj Jao^II (JT l£. 4x.jj_«o Lu_w f V ^ylc ^jILskj I <a j.^jL>- 

j-iljJt ^J)— cUl < i j^J i4ol_iU 4-aJLj 4 j ,m /\j3\ 4JLst_«Ji Jjwl^ Sj^->.jll 

JLiMj lJll^j »L"w . L_i_j^_ uj <_aJbJ! 4 1 jjolaL^J! ^Jj-^JLU L^Lxu 4jI . miU 

jlIJI (j^j>Jl ^LLj ^^k: 03^1 l^j? IjL^j^o (jaiJj . Segmental gears 
^ 4.jn..r.U ^Ij^Vlj 4_j ^.j^pj< ^j-^jJI jru iajjJI (jSU tEpicyclic gearing 



La ilil 4 mi fr Jlllj (j^L-oj^J 4_jLjJj l^j-i-u CjLcLuJI 
U^JlP ^LlbJj CiVl 4..t"< t ii nl ^11 <^ *\\ CLl&j^C i^xju *^jJaJ\ Juua Cj&j-C 

Musical Lulli ^ ^ ^ j . ..j * cjVV Ljwj^mi j m^JLI <■ j a < ^ T\ 
SjU-A-aJI Jla iSjuxlj 4_cJu jjuuaj a , i cjVT <.lr Vl ^ 1 qX\ t automata 

i^J^-^il OLC-Lm 4 ^>- 1 - < * 

^j-xa ^cjJt i Li*v j"> La ^jj I e^j-jtil I Ci.»4..i.g CjVI 3 Jlc cJlxoj 4jI 

( j-a oVVl J-uLujuJ iJ7 ^\ jJfc jLu <Jj tr-t^ll 4_J| <»JtjU3jJ L (» a 4j! 

. ^LaL^ \ ft ir>j L^iLuoj «, i*,,„i„nj CjWI alXJt <jt j-Sl^Jlj . l^j! j CjVVL <Lal 

tjr Lc 4J>L_3 tLkj-j-tj j>J1 cjVI iJT fl * J m *t a ^yji\jjb jLlj jrL^jj I— *f 

\ A i (Qj 4 IV LJ^ia-LaJtJ L_4 — ci/j ^oiajj jJ I Y _ V j ^JfLiTuJI ^yi dj^-^uaj 

Jij^j .^jlj—iJl ^1 (^-ijj j-x-±£ ^_<i-B (jr Js cJ^jj i n " 11 i_j^L^ in 4^r "i ^ 

«"iH ^Lij^ojt 4jui ^yic 4_x£j_jq (( Cj jla » 4jJT Lq^j ^yuj) <n i n ^ Cj 1_j 'j^^ ^ 

4-ti-aj S^JxS JL*j . ^^-^Vl uj^LdJI i nil «=Lfljj m") ^Ib c.Li.1 I L paj*irt il 
.jjlj^iJl 4_Loj rtll ijr 3 AjIjj " ~r c ^j~Juj J ,U mil (Jj-4J I M ( it £jjLJc a 

IjLaJ (^Jlll CjJ) 1 <1 1 1 J^L^ ^-B J M iiij-^l (jLa jjjJu-L^ajl Jj-Jt^CJiJ 

L_j^La]l JU < fiU 5^>.Jjo ^ JLLcJH *=->^' 4<jJJ^ t>kC ^ 

^ ^Ul J-J-aj UaJU£. . j i mj V I JU n,i II ^ g-j h ~A 4j^_ijV| J-t-aJL^ 4j>Laj! 

j-lC- j^aijVI J In i nil CjLjIbt_« c-ajj inl (^jjej 1 g < n n\ 4-lajeJJI iJT ^ ♦c^)jlII 

^ j-^Vl O^iaJI Ijujj ^jlj^Ji ^ nil 




Jo-aaJI ijjljJt oLJI njjj*J\ tUjUAj J,o t-> 4,j,a<.^^o 4Jt ; \y _ V jSLjJl 
(MS Greaves 27, f, 96v.) TV j 1 ^j>->- ^lajVn^ a vJLJj^j <Lu5Lo 

(*) 

Liu..*) 4JLujJ lLIJ (LuLllj g , t J di^Ais 
^u/ YV ^1 j->. LfejJa£ < ri! ^^^£3 tL^jlli L-£Luo^J JfrltTtXI (tj-?*^ Cr 1 -"^ LT^ 

fall I.I, II 

(*) 



3 _i^>- jJL 1 (jLLujVl J)j mi t",l ^Jdfj^j (-Lajj ^llkj (JdJ^ 3 U-^- ^ I "*>J^ cljllal n i nil dJJb 

mLl^I 

4jMj jl jrUjsJ ^J^-I L-uL^. 4jIjUm.V| dL^J ^ .(> V _ V J1AJ1 j^jl) 
J-ft-t 1 4_j_j_|_i_o jJ, I 4jjJoJJLj ,j-oL>. (jr Lc Luajl 4JLSJ.I (J!jJL>ij , 1 <j < h n i 4JVLj 

et—ijj^jJI 4jjia_Ll| 7T\ [—a inn -v. i(j-AjJll) ^1 £j_>-jJLj iCjj! nil 



CjVI CJj-^Is JL3j . JU-LaJJI 4_jlJLj 4JVI OJLA <jl ^-xbljJI . OJiLc 5 ^ ^ j ' "J U 

iJaLtij ^, \ V"i ml 2LJI ^j-cjl 4j| Athanasius Kircher jJ^^jZ 0*3 ± mUttl <Ju-oj 





ftjotliiiUl S jUaaJI |_a Sm Vigil g p^Iail 



cjIj^U cjljLit i^-jj-JLlI 4JL>^J|j jr^l^JL>JI JLj-c! <ya iljLu^l L^jL.^i" 

jJUo ^ LfcJjLAUi (j ^L!I CjLfc^ZiJJ J jj-uaJiLI ^-flLuojt J^Lv ^jji till 1) j < 4 h ,c„>- 

LuLa iSjujLc ^j^>-5 cjLi^p ^1 4 i mm!L JL>J1 ^ LaS iCjLo^kll ^jla JLq ^^lc 

tillij i (jr <^j^-o ^^yJb CjIj^U £-j-c_>J L>.j^4-> 3jj_bLi!l oJJb j n.it*^J * 
O-uj (^ylc J<W ni j 'ft ^j^-jj! Lot .CjijJLa j j. \ $ rtjji i rC) <J£Luj (jl (.Sj 

eji^jui) <iliA ^Ic. OjILa] tUI (JjjjJ . 4jjj^j oVI Ljuajl o>. tCjtj^aLj 

4j1 mTft i LoLu ^ Jloj ^9 Lo%^o (jl^J 4 i JL>. 3j u n ft <j| (^-ocj J^LilJI oI^jju 

(^0 . V) j(U - V) j^Kn.tl .4^jJl £jUj - <LU LjJi^aj U£ - j fuT\ 4-loUJI 

j? () o . V) ^Jt g^JL ^.i^tl cjIj^UU CiUinMI 

3jj-uaj f <>Lxll jl Jual jj 4 j ft ( . . , n j Z ^ o ft ^ItJI iy 4jj IjJll! 4jj_uVI 

♦ CuaJ^jil ( _ ? Jl£. h j X ^Lu3^>JI ^^-5 ^L-uOJJ ijUs^JUla y J i 4jj_jjV| tdj-^ 

«4 ^.fcinjpt 4jjjjVI lJlj^so ^Jt-j Sjj <n ft 4j^_jj! M-^ ^y* *ri>^^ JL^-^J 

AjJjLA JjjL4J till j^x2uJ 3^jLaaj 4J0^LL4 (JJ^T 4tUft SjJ(^ft 4_>Jjjf ijfc 4jL^j JU£1J 

juc j <jtvij (^jVi ClVi jlIxu e 4j^_ut h ^jlj->JI tj-A q^kj (^IjJ) J^>< " 

^^Dj^i! . L^j^Ls ^Jojla jIjuaI e 4j^4jVL 4 Uj^r a £jL>Jl jjyJI JlLcI 1 4ju_uij 4j^ju! 

<,Ui Jj«uu . x ol>^JI ^ SGjIpU Aj^S/t jJLfci? s^ia juu JUm.11 i t \y<> 




(MS Greaves 27. f. 89v) YV ^oj>* ^U ^U^ « 




.(jrtJLA ^ j . " u i a ^yJJ Jjj-oj Jja^j 4jjljill 4j^jjVI ^^lt 



SjLuc c^\S 

SUiJ^j jjp' (j-c- *- > , J>*j <U3j iHurricane lamp v t ^c 1 £l>-^» <>c. 
i^vllll ^Ja ^ju-r cJLSj * Clamshell grab c^jjl^JI ^jLJLI ^JjlJI u^LLai^ 

Lj^jI uL)J 4_LoLo a L^juLaj ^1^-3 o < >> *i" * 4_£. j u d CjLx-^juo Ltjl u r Lj 

4jI <j* -v. i4_u£»L>. 4_yukl jj ^\li_jJI JLxl . Jl>jI jj-^^fl j tr>o\ \j j 1 *S 
OjJl_>- q t^l <jy 3 igjJuL.i& f.\V\£ ^\ c. 4 \ JLa—fll 4. -t-Jjl 

t * » 

. <^ ^ i^-v 4_jLaj 4jj3 duAxja c_J 1 ^ t_ r i^a" ^ A <.^>T | 

*ik ik ik ik 



?tj^Jt ^j* a I j| ^t>-^u 4jtluoi' i^Jj^hJI >_)Ll^ ur ^ ) _ ;r 4ajj^3 ^^^Jj alxA (^) 



a .Uj U ^»-" 1 jqj <_oj ^ ^ _ A ^ >J5>, uiJ I < ^->^ 

J>**J fc^-v 1 Sjl^^w t>^-" jt ( 5 J-*^ 

Cj I j L_>JL I <jl ^yfl (j^J ' 2>j Lae-^J I J 4 tin -> J I 

CjI j 4jj 3c >• UA >. C Lu jJL I J — UJ — C 



^ 1— tjl i 4 <uL_*Jl 

— i — <=■ J^' O- 6 t3 1 ^ — "-^ 



<Lu>lbuUI 6 jLnaJI yjAKnt Vinllq ro^laJI 




^ >_L3l 1jljJL->o» .u nlUl r-j L^J ) .« " J (jr«J^ ^ 1 U V t j^^l ?r i>>^j 

M -JJ.} . JjJL_>.^U i <i 1 m 1 1 1 i ^Jl^VI ^j^SJL^i t^j-iLlljl n ~-.<a I jjL.o JnlLiLu 

( o_U5s f ) \.x <o J^-* 4 }1 J' 1 jl^_J ,jL^ 1 <nywj ,cJuSJI Cjtj <\ J. K mC>JI 

L?Lt£i jlJa tjjL>.i? 4 m mlv- M ^ji jj^s i^Lo ^^»ja 

'^;- J ■■ *> * -^J-iJl (3o-iiajJ jryliLubJI J^o j*;LiJI 
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.( B ^ _ A ^1) 
JJ> ^L^Jt (^1) ^ ^Lqju-^g ^ ( CM _ A ^UJI >*-*>JI L»f 

jL^j^I mi y\\ J-a jj*.] ^1 cLu ^So jcJ lit .^jl 33 CjJl^J J^VLjJLI 

1 Jt A - 1 j , ..T . U . ^yg jL^jVI Jxjuj 4_Lv J (Jd-^ >^- J i 1 3 4 t t n i^li - 

JL>-1^J1 Clill ( n^.H cLuoLj ?t, g i.n*1 ^ U i iijJl j^-uA_*Jl 4 j I 3*1 C-uL^a . ^1 ^ i n 

J><^>* < n « ll jJ ^^-J • 5 >^^J1 *jr^? ^L*^j1j 

JjLljj 4_ulju9 Cj jA£Li1).a Jljt Mil! iCjljLj>JU 3 Jo Jul d 3U a i I 5^lV< 3 a jijjol 

4JLx ^3 4juaL>.j i4JLuui ja 3 j xa-i-U lIiLqLcJlLI lIjLlljJU d)L_uL_uVL 

,5u*jLc jj r e.\ mi'i) ^ Mlala 3jLc Jj>J1 jl^ IjL^J , 4ju^J! 4_uLU JliijLuJi 
. 4j j>>3 j^uJ I ^«Tt jLLa liSj^JLja Jl3_3 ^S^JtiiSJl a^) (j-o^ill ^ t n ->J1 Lala. 

4 r njJilt jj_«_u_>J I J^_>3 jujUlII \ $A 3 h "ij ,jt L jL>J! 4 ♦ i 1 ) ^jy..^ i «it,l 1 tn" < ill j 

J_y3 JLjjLaJi l^lj mi La£ . j^JyLJ.1 jj-aUiJI^ *_jL_*JI ^jj^Jl J"!M_^ ^^H^- j> ^_>oLdJI 

a I JLa-JL-uL 3^-L^.tTuH 4_u_uo^jJt ;cmjj_>JI 
nil 4 jl i y}\ ^olsLH! ^^ja 4l <i t" mi a Ojlji J» 3 4 3 1 1 U ^ 3 i .i->J 1 4_l_j_uJl1L)3 

.( E ^ _ A JSLjijl) LjjLi^Llo J^ua_>Jl ^ 4jm r^aJI jjL^aJU ^ii. J t } mi 

l^l^ij ^^Vl ^i>jV* ^ i^>i Lo_^jV LtiajU .Jjl^JLj LfcU^j ^pJt ^1 t . nMJ 

j^i j<J IjL^J 4_u_y^aJt ^^uJ*Ji 4jLxj JiU .5lAajJ1« wiLrt^l VJ 3;lji 

Jjv^J I ^JS 4_aJLir~i mj a U , ., ^aajS f ^ jjl ^ * ^IjuLo-J *-_o3^_a ^>-5 

jjm ">J1 3 Jo Jul wjS^ft ^i!Lufc jL£ 4_il Jl£U.1 ^ya^ . J^JoLuToJ! ^ 1 q_rst_j j^^2X\ ^ 
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i h 1 1 j i nVC 1 1 Cil j jj . oLajJ-sua (^JLc Jim- it OjL>^ jL ^ tt ^ **J ■ 1 nil 

(j,-^ HJij-lm1\ j *r i LI, 1 *i fllj ^jl "1 < nil t *^ I j~uj Jl o i "t 4 j r Wfl M ^J-^ 
li^^oJI CjLjLLi JLiol JjJs dLJll ^jL*-jaj .iLfcaJI j j) i * 1 4j^LiJt 

j-jLlij ^ ^^LLaJI LajLl^. TY^ ^Lc . 4Jbju>JI 1 1 it U riioi n^lj 
<GLfljj tilLu, i jl!^ j <i ^ ^jLx j-^JL>. 3 jLjJ chhang - chhun (j>*^ - 

LA (jx. JjL VLo 4j i^jLii tjLu JLx^ {ja jrj lj > tlrs? Q * * a ) ^dL>^ 
jl iml *j j j «tl jl U aVI J jU ^ J^Ja I j-Iij La Jif 4_^aL^. t LaLqj Laj— «Ju 1 

j_j>JI l . JjUtl | jut j_Lij La Ijjlj (j I j * 2Lj_jL<JI "< *sVl 4_LLi 

Tensile stress jlAJI ^ -w) JL>J1 3 $ i jl^j jLst-aiJ c-jjimi 

4 niX Jljv jj 1 , <i"i j ^. J 'X^JJ * ^ n j i >> I ^ 4_>.j-flJl (j^3 (jrlll j-^ljJLl jLlL>.I 
4_^j_iJl p "n 4j^LJ! djL-ujLcll (^j-^J ,4j^it-uo J^^M ^^-Lc SjljwIj 

Lj^ i i Ju> 4_?jj^ 'X ^ j c c<jl£ ^"-w iL-dLj^^/l ^j^q ^1 jj^s/I tfjub 4>Liiij] l_jL>- 1 

Lul 

i o ij^a (ftJL-<^ ^A 1 5 j*: " ^-jjj-i 5 " ■ ,a <jr*i .Taoism iyLlaJl ^1 a , ,„'\ Taoist ^jliaJI (*) 



.^^i iJsL^VL) . j ■ - ." j .(^j or^ o) Lao-tse .^^jV..^ m .mi ntt 

.[^jJIllJ .vIjMMI Jru-aJl ^1jLjL)3 ,j;Jl>.} t 4jj^jJlj 



^ , • ^l^j*. ^cji^_3JI o'jjt iL^LitJ! 4_al („ll . Mortice ^-ojj ^L^Aj 

*< o jl J-Jjt -ijv IjlSLa^ .lJuSJI i-J L Jurw I (Jj^l <-Ji_uaJt ^ju^jjj i^cjtjJiJI 
4_LajL>- ^ya SjjLjj ' V*Xtl (J}L>. 3 JlLo-4 ( IjJLa 1 T j A JjU ^jl^Jjj <JjIaj CjL_u_C 

idj^>Jl L^jLjL^-J 4_jj^3 4_*^a^ in 4 dJJilj i— )l mi aJLA 

(j-llaJ I ^-tli^>> J „ 4^juul»- L<_u_a 4_Laj-u I^J 4_j_i_ilu_>. 4_<Jaj Lc (J£ 4jj_u_« j 

<? jL_3lj d i**r j *<JJ ii rt*lQl C-jl mi ^1 ^4 ^^jLjJl <»Ji<uaJI £jU3^J idjL_Sfc_>Jl J 

.<JjVl ^j— c ^jLjj ^_<-u A * ^1 ^ >- cJj uaJI I J & jj . lm flu 4_JLj^laJLi 

lJl&J) 4 ^ "wlj ^ys l_4JjJaj jLLcl 4j^Ij j1jL£L4J ^ j ^ VI <_4_uaJl <^ jJL) ^j^SLj till JU 

^ ^l^il ^J^U^I ^LijjVI juOju ,JUJ1 4t .(',AxT+!) 



^ >Lli Jk\ (jr KJI ^Co^jlJI ^jj^La A • ^jl^. cjLqLcjJI ^Ila <jru 4_ai , „U 

. (jl j i ill ^ Jl2j LqJ^ i^jt^>Jf <? JUfc L;r Lc JjQJiJt j o*i uiJJ i4_£l_>J! 3jL%j>J! ^ya 
^j-aiitj <_ ti ~>* t Lo JLv ^yJl 4_jJ j ( ^^laj jj.(,.m.,. j >-1 I dJLA (^yja Sjl f f Tl ^Jl of I fuJ 

j IrTi r 1 1 rttlll <in hi M-J^la JU V I ^*t-tj i L^jLs t^jl ir^jntLj jj i n ^ 1 1 j-j-o JU 



/ 



j^ui*U 0^-*^ - ^->L»juJ 4 \ -r,.u.i JlII t /» . ^ tl (jL^ „La°\ i jJ I 4_xul» L^Lt-ijJo a 
L^jLa idU j j_/aj . Lj-jI Til i <il N ^ t **j ^ i ^1 4_aj^L) (JJ _fl j-A^ Lfcj_L£. (j^i 
t^j-JLJ •o'^' L&l *t<i i^>j (jr-^^ ■ LIj ^LcIaMJ L)J_jv J-^^l (J1<_jL£ 

LajI m r Lj iL^uL-uD ^yic ol^sLvj LgjJ-j ^pJI 4J jj_l! ^j! Ijla 

4—jJ jij t ii a CuL_£ Lo-j 4j)jL_<L_a i<L_jJ ^__i-il 4 — a L*J I Jj^JaJI 4£L-j_uIL ^j-a L ^ — >- 

^Jl «J! (j-u-Jj ^ ^ ' -j^j 4 j ^ j i n^LSLH jijj i^t «ll ^jLjJ jl &->^l ■} — *J 

jjl i^t a (jJI CjLo^LlII ^1 r J j) i^t -kJI JuLLuuj L£ Ijjj . JoJi_3 .^a^LcuVI 

L<uj3 .2ujjjtJI cjLjLiSLJI 7i~\\ /ya l^al^ Ijjlc (JJLLa ^La ,4_uI^j 

l_*£IjJU ^j_a i ht r> J-jud^ La, Lie cUL-ju JL3 (c_-<£ljJU ^l) (J^i>-^ JJ) 3^.3 

I JLA ^--j-a-IcJ . I fljlf J n j"i I I Jj ^ ni?<T 4 j \ j ^ jJI^ i rr £j^a ^£ ^_>J I ^Ir 

jL^jI jj) j 1 1 c,* ( <i iVI ■ ^ ^ ^ jJt tjljj <4_j1 ui tl 4_Cj_4juj j j) < ii, ^j^o ^J-*^^ 
j i ii "01 *L-uj . 4_i_>j^>J I CjLl-LojlII *Lul ^.3 I^ILa ^ <■<■ <i ^*Jt (jr^ 1^ * Jlj^j 
4jjUJ1 ^LjJLI ^ ^£LI t <lal i, i i II 4jU- ^ J_a-d 4_^L^u ^Lj_a ^ fuLaJI 
tc-ijlj) Ml j-ualj-xi j^-u Jl-jJ 4_jjULI 4_C ( II CjI jL^_a 4_j>-Lj>JI 



i i n it 



C,Ll l-<-i 



SLuj^UI CjI jl n nil j_utH L&jljLclj « 1 jlii Jjua^aj (^pJl 4_^jj*_u^J1 CjL^I ..n.t,l 

0' WjJLM^ 3 0^ • 4^1 ^ . <i. > 4»aLl^3 (^j^>iJ tjr^ 4_L^ia CjIjJLuJ 4. t.ila ^a 

CjIjjLj 4_Lajjj (jl i "ill JL-ud) j ^ f II i \ t irt a ^ i r L^_3 M_iL^ j I 4 1 i.tLn Jloj 

^j_a^3 a . (;jr juuljJH dJLA *—jjl^a_5JI Ci . ^ ^ ) 1 1 >U ifla) jLuJl ^L>ol 
j^t_a JlIjU 4 — lo^-C L_^j i4 ajl J 4 — j| j to t . , I Irm L^jI ^ ^ 4_jojLjJI jj-i n ->Jl 

Ij^-L^ Ji u H„3 W-jl^ ^LJI j nil jl 4_a_jL»JI ^L^VL 



<LloLLujUI SjLoaJI Smi\'iqII9 p^laJI 



daJLa 1 o I JujJj o^Jj oIjlJu JLlc 4l>0 ^^Ll Jjij r n -v cLJLLA 

Lijuslj t J^LuJJ (j^llll jij-UI (^1\^>. tj-J£>- &\ 4JL>-jJI <— u£ JL9j . 4_> JrtJkijllI 

(J^M-t* i ■ ^jLj «4l>Jt» Jj£- cjI^oJI j-qj (jlc Sjjj^tl L-^I^JLt i »>» 

4j_uiu3». C*j u 1 <Jlilj.il 4 <-ut^j 4,1.3 j-fj-A 1 4jjfi n a ^jlj-xju 4 ^ mi i <_-»-) 
/yj (_jj-dJLj 3Ll3 ^jb < 4JSL1 *JjLcva j ho» Luajt jLxilj . j-^lll ^ILiLud 

L y3 ^ . 3 Jb JlT (j-i *i < nt ji^d ^^yS (LjJL». 4-xjJLoJI j ts\ rt) dsLU <<< aJI ,.1 <f L-£ljJti 
^ys 41jLaII 4_Ajuallj <5jjj->Ji <J '^n ^Lf£ j-i-T lj < n ^ <j1j *3jJ^j>JIj 4_njd,l £yu Jju^j 

J^-tcj Jijj ^ 1 ^ \>\ %s ij\ jJit^Jtj t4_i_^^ mi^M ir> tti ^ 4 a J V.* . a r<lU 

Guadalquivir v Uij^Sll tji\jl\» j& ^jLlII j-^^>Jt JiU tCjl^^tAj o^QU 

-H (*) 

^ (jiiaj mIju^I U i^>l ^jljJlj ^ j i*sJi ^jl^JI^ 4jI t^j(3j < ^^3 ".HJ-^i ^^H* :4_u J _*->J1 
$\ ij^j^LjVl 1 c 1 M «i ■ »U (jJjVl ^>aSJl 43}LiJI jU^^' ^-j^jlJI lIJj^ JlSj lt^ 1 4^^' 

^yLjj^UI ^ Jjl^ ^ JlJI i<L)l i j JJt."iU ^yiifcj Lft.^J ^.tut (j^J JLfl3 JjLj^LJI ^jtjK^lH Lat . 4_4J_LlII 

Baetis 4.^ . J j[£ ^jJl (j^Lkll 4 Guadiana ^ i^L^-V' l^I ^na Fluvim 

4_^utjjJ Ji-JL^J ^jLi Guadalquivir ^1 ur^-^ ^- )L " jLy-uVI 
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(JjjuoLoIlJt ciuuDj ^indj . ^LljJI 4j1 *i sj j In < U JLo^*. ^j^-V) jj_ca_>JI 

iLujJI t. iM^rr ^jl^J (jj-J-cJLI i_jL&JI d jStc I idjI^-AJI ^^k- (jr^y Sanja 

. Laju3 \ \ Y djL« j^Ij ( -\nr ) tfLli Jua Vespasian «^L^Lu-u^» 
4cr jLit]l j^jLii ^Li-uL-uJl LiiiLI ^Ll ^jJI <jj JLHj *j h* j * " > <-^La 
^jLj! Jlj-j ^3 i(jLu-oj^>. ^ya j^jLiio jLbh. ( j^o l_!^2JLj Diz ^jj j-^j j-uLj 

C< tit aJj rt r (jU < rt '^>JJ ol mi a i_)Ll£ 5 JLC £j Jj3j njl ■■ J tU 4 J-SL) 

jjj i «i >- ciJLlibj . 3j_1=l>. \ 4-j ju jjr*=>j ■ r j t 3^-L=l>. T Y * 4«J j * 1 Jt — a — c i Y 

i(j-uj^ t_iLLs j-b* (jyi^ ^13 J^j- 5 <— Y 4jjJo Lajl_>.| t,j^_i.( cLjJLl^L-l*) 

^-i n'w l£-JLLA « JJ ' ^JLA S-LJuJ 4 J f rtll C-t^JL-u^L) (jrUuLo Ijj^j ^oJ 

< _ r _fl VUi^Vl 4 rt <^>J i^^Jilj— I ^ji^L) (jLvljl 4_u Jl_a j, j $ ni 

^cLjJI 1^1 4. i i m'i) LyjJj^ ^jl Jj^ JLAj . Laic 4-CjJajJLI £Jl_u J^tj^ 

^^-fl L_jJL>-) a\j A ^ $j ^ lr j mi LiJLLA ^jLSj .(jru^_ «Vl *Lil>Jl ,\ $ c 

^Lc. L7 3 ^n, t nil 1 fi 1 1 n "v. i L^K (jLi-wljJk- 4 ~<r j^J j jtx\ V (tjl " i n'tLxbt 
^11 4jLj^ ^JJ (^1) ijyUMj) o (jp^M— t^VI j ' dlJj * 

. 4 <t i ill 4_Jlc ^ptdjj t^jLlII 3jla£. jl 4j1 nijtj^JI (jyJbj Lxj Jl^ ^ jjjj I J 
( JT jJi3 1 i \ n *^ ,3jbJLC ^ j J "J ^ Ijj) fu mil i H mi JL>J1 4._t j i trnj 

j^yS ^yJb 4_j I L_3t_ju3j_^i ^ i ii ^.T I I Juk ^xiiJL-alt cJljusjj ' ( J d ' ^ w ^ J ^ ^tl 
lLILlA (jL^J .(((jjj^jJi La J^LiJ Ljj-i-u ^Ltj| J u a 4J Vj» 4_aL I 

^jjJ^Ia ^_>J JLg^ v l ^-jjO^I ^yj] tffrLu j j j > ^jj I (.^ 1 1 in ij^oLi* (^p^jJu! ^ < > o j i ii ^ 



<LuollwUI SjLoaJI ^ Hut Vipllg f09iaJt 



^J-jlII ji i 1 4_j_i^JlJ I 4 £ya Ujj JLj-joI 4*1 < a 4J ^Jo «^ ^"'i^ a JjjjJ^ tjj^ 

i^oLj ^ r M ijLA J^A i ^,.^11 . 4jJ JuSLfci/^l tfLjoL) ' U . „ Atl jJL!L> 

. <_jjJlH i j r c ^yjLj JLuoJ jj-illl Jjl i^j' ! i?Lui 3^ <j"J J >n 4^jj>. 

Sjbtj *—»Ljij-i tjLSj ^> \ IV ^L_c ^ Batman - Su river ^ a, _ jUjIj j g> 
^Ll^ . ( j .g.U j i^c ur i\^\ u>^0 Hasankeyf < j*s M ,nA ^ >^J 

^j-o ^5^° Thrace (j-ut^p <y9 ((jj^^-jSujlw »<y9 /yt-ul.-c 1 ** * ^ ♦ (jr-*^ ^ * n 
.^^Llj^aVI 3>U 4<. i 1 ;, li;^ JSLAjj Jj^o mi J^Lj Wi 

_}Jl£. ftLb 1 y j m j ^j.o ir-Vi ^Ir (((jLLi-u)* ^jln til ^ jLulJLI ^j^Ju^il c_ dj^lj 

4_jwL>- tiJLlA C< )IS t4 « i nl^Ji jL^j^M (^yic- 4 j uij jjj ( m >Ji / i Lv (jy^ij 
^jjl ^.j irol 1^1 Ly j-uLi-uS?i t-BJu^JI ^jL£j i^^Jl CjIjj^ Ls Jlc L^jLlIoV Luaji 

4 <L>.^L^U 4_>JLua drfji^ 4-jU-u_UjJ1 (j^JI diK j in JuJUlII CjI j <3.H (jl ^1 
^jJ^JI ^j-S j ijU 4_^^>JI ^J-xJ L - r xII ( V> 7i 4 (jr ji 4__uj^JaJI jj. i u.>Jl 

J t >t l ^ ' ^ 

Khurra Zad « jlj Q^>-j ■ " > » ^jLj ^ < ■< ljufc ^-») 

^jjj « ijr jC-SJ! 4iil JLjjC.» Jl^jlj a > 4^a ! JL^lTu-u'V ^_iiS ( _^»Lu3j ^j^o 4J_uo I ^£ q\£ 
Ijl^J <JLI1 J > r j r x^v Jl^j *4j\Jj 3jLd (j*^VV Ly ^j5_Ji ^..^Jl ^-j-^V! 



^Lfcjl c-fljjuj -(jjjJaJ! O-Vi t_sLl^Vi^ Spandrel walls v ; JjlLj_uJI ijljju^j 

j j.<-u \ I j mi mi 4jL» JUu i^Xc- ^-OJ ^-jJLLc cQjJl>J1 Li 

^ TA * i^j^L-x^La .jl^-j] ^j-ij-c. 4_cjjloJI j^-LJ! i-j_jLui J-fjJ^ 

. Sir Aurel Stein, Old Routes of Western Iran, Macmillan, 1 940. 1 28). 




<j-u>3 $1 - j*\ *\V1 ^ _ j-<-u->.) «jl.*t^O - I - J>J» >A L4Jlj^5 ij tfW 

.|"^a_^^jJ>l j ■d^aUll 4ajL2J1 ijal^-I' a ^ at ^^^jS ^wi ^4.0 1 ^: i at 



^jfc t4 o^j J-^^t J i n 'h J 1 j *(^A"\ _ ^AY 4. r i i <\ \ 

At i^) \0\ tjjLfl h^jIjT JJ-i i^jLa *<JL9 rn/tLa . i I jrtj< <.) f\ *WY ^Lc ^ 
Syvia A. Matheson, Persa, Anm Archaelogical Guide, Faber, 1952, 83) 

. J Li lttL^" (^W* ^ ) Lh-* >L£ 0^ 43Lou_c iJ7 l£. j_d3 ^pJI 

^ic L_u^_a3 4_j_sL> Jj) fi f 4 i u.ttJ-w l±] L_A t(Y _ A) (J*C i"iU ^ i r> **n 1 a 

^ nijVl c_oL>JI Lr k. ^jlaJI ^j-j 4_LaL>Jl j.,.,. «*J1 4_aLcj ,4_tix-oVl I <fifL>» 
. LaJu9 V * 4x.LdJjl eL*jL?o 4 i mi \ (^jie-ua jJLstJLc 4 ^ j^a 4 <ijn**i mi a Cj_iI£ 
4JUL*. 4 <i V (X (^u^&Ja) oLaLtJ nl (jX. J-UJ V La l1!Lu& J^uVl L-xjLjJI L3 i^J 
^Lojj I ^1 Jin! ^jLi JJ^JJ 4J^^— >J o i nj ^1 4_^L^tJ O-tLl? J>jj tit 

Jtj n til JJL£. ^jL^ tLcjLs \ \ *$LjV>.\ JJLC . }Lal£ j_cu->Jl 

4_BiJ " < (i a Ji j n t \ \ C+i\Sj i^JJZ \ * * (jr l\jj>. j hi ^tl (Jjls (^yJL^.1 jJLj t3j nif 
Jw) <i ttl CjL^LojjI ^jIj-jjj tj-jv^l L_JijJ9 fjja 4_jj^Ljj t^l tVnL (joil^JI 

* Loai IT j i\ jru 

^Jl j^S\ 3 >\ I \ > • A JjVl i^L* .jj^L^ 

^■ijlj ^Jkj * ) i Cj) 4-H) fin ^ jJU 4 ^_aL L-L-U J-^J i^^A0 / \Ai 

Jij j ' " * LJL>- jLl ^j^>- *— u^-aII 4 nn^v. lLij^j tjy IiJI CjVLl^jVI 4^ > cu ^ys Uj^>- 
j i n-fc- Luaji 4_oJlLI Jj) n * 1 1 CjJL>-j t jjj.< n->Jl ^>jjufc ^L^dVLj .^Lu^j^>. 
(jt^ (j"^Lu l3j «mJ . 4 n U < t,l ijr^ J^Vl j-^I ; m > Lr^i jLLJ>>J) - \ _ Jjj 
. frLuJI 4£.Luuo JtD^ 4HJVjj Ja^tJI qjH J^J-j^I I Jul> M^j-aw ^ Y JjuanJI 

,,,^1 ^JjJs Llj-uT < U i L^ol JLje-Tn «l £-LJu <4 rtUU jj-i M ->JI fj\ 

4-udIjJUI jj I j j_j_i»J I (JL_lj>. ^ 4_xx^> j I j 4 n i.to ^^ya ^jj^Iu C< >L^ 'iJJL^* 3 * tjL V 

^jij-jj i( 4 . " i o ^1 Lajj-£. J-i-aj) 4j^1 n " a cjUa l i,i o Lr i^. 



(-jIjJlIj ^jLuij^U L>JLua j i n ~*,}\ (j^SLj '((Ji/^b^^ j L>-1 j < ii 

jl I jn (jjixlj njlj^^i.^JI JL_>J Lt xjlA*}\ L ylscaX\ m,1c. null U3^J < ^ * J 

j ^ 1 n Vl j . (( jj-ulU 4J Lt n 1 i 4lji<ijJl (j^b (ji_jjL>J! 4_L-^ljJl Cj^LjISLJIj 

aLstXl j_ _>L_*_il jl uul^_<JLl» ^ t *j Hindu Kush « ^ jJLa » 3^ ^ ,,-,11 
^ lJljjj^>. (jJI IjI m i<> I 4^1 j " ^jlJs (jJ^. J_Jj) Ijlaj i(Hsien - tu) 
(Science and Civilization in China, Vol. 4, Joseph Needham pt. 3, pp. 
eJ»l_£ 4 a \%.[\ jjj mi >JI fj] ^ aLA ^3) jii alLL* . 1 87 - 8) 

Cj! ^ 4 nit 11 jj) < (r.>Jl ^1 I_^.m i t j, mi f. 4 im v JjJU>- diljl -?>-— a 

. jl 4jUI j^1>ii 



L^jl mi 1 iMJjJI L-f j 1 11 1 1 mJjJUJ .(jJjJl ffl-^Jb 3jLc <jj*l fl JJJLj-uJI OjI£j 

^jJLlII J 1^ rtll (JT J^ ^yJkiXi . l5>J1 CjI^Jjs 4_j jJlIJ jL^JjVI Jjj_>J 

^l^t A \ *M fl" ( nl JL^J 1 3 J.„ *"( oil C-llSv J Mitl ^Jub J uoilc Ijfcjl I *l r L) j 

Norman Smith ^-j ^ — ^jLaj^-j ^ ^ LLa 1 ^ njj . .. {J7 ^\ cj\ *j \ *X\ 



d*j — JLjI (jyjJt J ^ Ji — (_uJ uiLJj Jl_«_j >"> n I ^ . 1 « ii 1 1 4jr Jj ^ . a 

. ju jl>J I LaJ 1 ^ L) 5 j ^ f 

^> J< j '" i l l c_Jjl->» JLui i l l > ! JUl£ t J^» t i nf I cLuul 4_dJ^Jo ! 33^-t_J (iAJ^Lj J^JL>. 
3j U o 1, 1 4 h t r> l^-»J \ 1 flj J ' <i"i C-ul^ (jr^It CjLjI < ^ j n II Jjj^Jo Q i 

tjub jL_^jl ^jj£LIi (jT^-2LJI Jtt i nj . 4_jJLtJI ^j^ajJI (JLj^ j^VI^ jjrt^Ji 
fl\ Jul Jjjl^ ^jJI * J. 3 Vl jLl^VI Juu 

SjjjjJI 2uj1j ^LgJI aK2j Js k jb^LJll Jjl2 VO - ^Ix. ^ 

Jjl i i>> ^ 4 < til (j^A-iJ 1 ^ *i CuJj t4jLjju < " < t 4 <!,->, i'r> ^ -*» ^ f 

^-bl ^ JL_£. („ ( l r ri 1 ^J^L-JLI (j^pjL-i-uJ! ^j^— ^J! 4-jL^J CJ^-B CU^-ojl 4 " j , * 

S^^Luual 4_iLiJI a 4aJUI J^U^Jl 

J^Vl 0>^' J^-^i ^M-t-yi ^>*-H -i^Lj ^ «"mm c?>^' liJLa 
4 tV^L>JL I ^ jg, v t nil ^jufc ojL-jji ju9$ . ^IVA ^ "\VV ^Laj 4jLjijV 

. ;14jS/I j^ji^. 4 1 1., np. I (j;^Jl 4 ^tx\f ^ 



.tij i ^_>. 1 1 1 11 -ilia 4_A^>_)1 JL^~, ^3 Ju_*Jl vJL)L>-*iA_(-^>l ^w>.l . JuusjU Ci-iJa j>j>j jlxj 3^>a ^ya 

<> & j "i i ^-iUjJU^ (J^-** f^^- i^ - Ll L ^^La I^_iOjm=-L-3 ( ^ ) J J) 'i "~ 4 j jl-> 3jlL <U I^SLlI j (<i^-Jj 



k 4_xu>La 4j^I^j t^jjJiJt ^rtj < nUtMj i LttjL9 Y 4_IjJo ^jhe-ua lLijL>. ^j-C 3 j)Li£. 

^L^oIj ^y-aJaLuj ^LojjVI iju* j£2 tLajiJa < n <i oj Li n a ^ ^vT 

i in J Lt_L 

jh^JLJ ^Ijlt ^^wjUsJI c-uLjJI Lai ^L_JJ 4^.1^11 ^^JJJjlII t_ijL>Ji^ 

^-B p <i II ^tj jUtl ^JSLmiJI 3jl_bVt 4J^Ut^o Lq^s i I g.j n" > na ^j-u-J j < n Tl 

4j^3t_>, ^Ji^ ryi 4. U ^L) j Tl vLb ^Cu JjL^ ^ .^U , ..jtl j J-3J ! j j) <r-i tU 

Jl-u/ ^^-3e_>J1 ^LiaJI <-^up (^dLud^JI J, re " < nl Lj^it ^jl to JL5^ 

jj^Ji ^jil buL!u ^L*£. (jl^ (^dLusjJI JL>" i ill jjl ^JLjJJ t^LAjj ujjLs 

^ ^Lj^i JSLi ^xIj ljukj . ^Ij) I..TI j^L. djLJuj ^>L*ujVI Jj_1 J^^u^^l 
4 ,iii> Valerian ^yL^-JL^ ^La^t jjJoI^-l^V' J^J (*^^ * ^ L*J! ^ 

.ijjjs^. j^>- 4_ii^ JjLa juu f Lljl ^ Lu! LisL^ uij^ j^* ^ 

jLwjLw _ I _ j-^j (^j-Lc Lr ii~Ljj\ inll ^liaJJl I ■** t nji t-aLual 

^^1! 4_^3^UI >J-3>xJ Jl^JI I JuA aJL^JIl^I Ski $ t ^jV^J - t - J5-J ^ o -M i j 



.4_ijUi SjjJaJi jjJL-mJ AjwJLaj! 4JlxVt J_>- 1 J <.JI VsJt j • "i ♦ . SLiaJ! ^^jjL*. 
SLflLlaJl ^_j_£ij_iJ LgJ,.V."i r .1 a jJI Jj_3jjj , \ < n j * -w. j^T Jl!Lo (JJLL&j 

(JjLLa ^ tu^ y ^juuj L^.lj j 4 u-a. A - LkjJa£ 3 jji^ SjjjC-Lj Jj » ui <Laj^Ut 

_ (j\ " r »JJ— >■ ^ 4 j<vj tjj, V j f I Jl a rVl tfJUb JuJujlJI 4_jjj (jK aVL 

1jl>. 4_cjL 4 j a j JLi-c! 4_^wLv ^ L^iSLJ „ 4_uL^LUI 

»4jrt nil jLj^I dLSj ^jr^Llj 
(jrU-^J^jJI 4_J^L^ JL^I t4JjjJ| b t r j^VI oLu (jIiAJU JLut (jJLufej 

* ^ SjJL-oJI ^ (j'j^b (iLH 1 -^ Cr^ ^Wt! nili (*L«j-J ^ ( .i.ot (j£jJI i5-^L>Ji 
* ^ Ly li JuSij ij \ at _ 1 _ Jul) ^-uuLj A I Jufc lJ3^_ju * 00 ^1 

(J-^J) J J ' "J^) J **" ^ '^Sj jlj J ^^jjLjJlo <j^-» 4 tULLa j^SJ I j^_> tiL^ 3 

. a^-j-tX 3^_otj JloJI t 4_jl3!jJ I dl— j-U cJSLcuj i^^LuojJLj ^^jLa jji & Jo^L*_i 
^yfl .LfeUj-& ^,111 LiiiaJ 4_4j1 mi ,xa 4_uLa c-ljJIjJi JL-wJI IjLA ^^jLj*. Lr L- j^tj 
(_jjLj*— C m£JL_>J ^_jJ! (jyAj t4_ij) ->*l_Ls C< «a j <3l J£ t^jl jl.i "j^— >■ 

<_>! mi m dLJLt Cj—jL^j c4 ij, \ a udJ^ Juu 4JjjJI < inf > \ j ili ^cj .^uj^S a «U1 n A 

4jUjMj l5JL>^ ^LH^t J>U- 

. Jjatl j (Jj^IaJI i Jut {JlLa ^-xx I . f - JlLj JuuJ 

jjjujJi ^ l^Jucj ^jj^jua-SJt ^ Ijl^Ijj At u\ ^ Laptis Magna ^ 

^ya l^ju i a \ 3jj)^k 4 j m, VisiogOths ^^-jj^JLll ^jj-jla^-iJI ^^>-J . Lj-^Lj 



* lSLh**' ^ j ' <»^v i jJLc-cLj Ij^cLa ^1 La Ijljjj I^jlj-iIi t^-* 1 Jju 
^ d'j.' j *6^-^'j 3' Ljj-^ t>> Le>_3 Lill 4-^}L^I 

I jut (^Jj i j <iU j ^liiJI 4jy ^l w >JL>- t ijr j-ujjjy 1 ^1 LI u < ill j . LuLu-uJ 
^l_5_a . 4_»_>iLvj 3 j or. I <rT)$ iQibtiyya stone 4j^ r^U 3jL*j>JI t j^ a ju-JI 
L^jlLo >LSLxi jl^Ljj iPuente Romano ^LajjJl j . n -*JI ^ .U ■ ^ ^ 

I Jl^J LJLv 4j3L(J1 jIjVI 4 illl Loj . , I (nil jl ■ ^J* 3_il_J^J J^-L=> ^ '^^1 

Jjl^^I (JT ^ OjL^ L*JJJ ij-^^ 'Urt *^ ^IjUSl 4 ♦ r r> ; ^Lu L^j! JU-xJ! 

i— ) j) < »i ) 4 ^J-^ J^l 4 jit <i*i 4 ti hi ^l^j^ Jlj^ J^L-flj j I ^ 4_uL<u <-f U 1<u 

4_^.l^J1 jj? lulu LuSJ *(jlSLo ijy ^ 3jLj3c_>JI 3j1 i . j>LJL1 a ^.M 
* (jr 4-ujj^yi L^i-i-^j <r>U 3jL*j>Ji ^1 _ 3^_u^ 4_jjJtx-o JjS ^j-o Cxjl£ 

t3j^>-j->s tj^l^laJI dJLA <Jj>* ^^J^ 3 Jt^J^ L? ^ l$-> ^-^j 1 ^) >a J-^ t , 1 r nil 

3jj-C.Ij J Mill JA . .il JL>.^J ,jLf> i 1 i>>jl ,4_JLoVl 4_JVI LI ,rt <l jjl J yjj V 

dJLftj . 4_ojJLl ^1 1 ^lovi L-kjuuo SL^ I ^tj^-gjj j^JJI ^jjo dLil ^_3jJ 
^jl £-A 3jj_cLJ!j SLloJI ^j-fl O-Q^aj ♦ J i <i II L&jjSjj (jyjJI J>L_JLI 4*3 LLu Jjd-tJ 

Jj-^ mil tjh 4il i m II V **i i ^1 "( a Jlj>o i4_ijLj oj—a - Lu4> J.a tj V <_jVjjJI 
Ja^Lw i4_tflLuDl SjuLiS^ tdLJLl j^j tliVIj ^^I jUH J : ; r..~ 42 LL ^Ir Jj .*^\\ 
-,L_aljj>oVI jj^s ^Lij^JI jluJI S, v gr. I cr L. ^*Lc lJlII Jljio <_lL^2 ju_*j 




jujl-aJI (J^M-Jll j^LLjJI oj-Z1\ t> ^JUa • '(Valencia 
Mcstella ^ jl mi a j if jJb ^jJt j . ■< tlj .pj o JSLAJI^ ^je-j>JI 

^^or: tLJJ 4jvi^XI ^^L^IjlJ! 4-jjLvj Jl*s! 4 t u 4^La3jl^ LoJUS Tl * 4J^La 
4jj^a- ^ (Jo£ jj^j *.LijJl 4^>.ljj i3jL»j>JI 3jl 1 n^j JoM-U Jl_luj! 3!^j (j^SJuj 

■>* Guadahiar ..^uVl ^ji>J1 <><> x^-Vl -j^' Turia (*) 

■-■'i; iljjw "j-^-t .H*-^' '."^Ji Jb^hH o-^ Sierra de Albarracin 

(<UJ jV1 < t ^"'*V M-tl«~i ^JJjj - . La jJU ^jj-jIjJI (Vu^uJjliVI 4_*J ^ ^j-jt "1, ul t j:aJl 

•[[^J-^ 1 ] • l 3^ Lj -^ t^J-" 1 : ^- <1 




^LjjIjjj jljL>Jl I JlA cr liJ .j-^UI 4_dju3j jijU>Jl (ju Lo ^jlSLo JUC (JljJi 3Ll3 4-A^3 

4 jj3J dLlii UT I » 4 J.La f 4_5l_cl JjJ_iuJi (JjO ^il! I job l_oL>. ^ .Pr " J ^ jJ! J^j^JlJ! 
J>j, V m II J£ Sjj-juoj (Jjl^-Jtll oJL& aVl t , <1U"h^ *Lg3lj 4_u2VI J^-C-j 

3jj3_« Cj_>L£ ^^>-t (j^S JjJ mi II ^cIsu^joj * Ljjj-J ^yLc 3ja^>.jll 

CoLfll Lljo^Li-uJ 1jj_jiaj IjJb O^J 4 L>d>*^ ^JljV t-oj^-uaJ CjI^Ij9j ^SLstHJI CLiLaLj_Juaj 



i ■ 



3 



1 

i 



n 



UP 




VI 

aJufc t _J_fj — a <:l — pijij uA\ ^-jl^-Iuj . 1 aJL-3 YO j V * ^jjjl <:LuJi 

4Ji3jG cJi£.Lubjj (^Jlli Lj^j j^j 4 tj iU LaJu£. 4_j^_H1 oL_uL_uVl 



,jL£ ^yJI l-« ;^JiJlj L&jjJ -jja Jj/n til ftj-uD <ya 4jU,1 1 4 jU r l^jl OlaM 

t-A 4^^_Jt (jr-^** ^ J ' " L^P^ CjLwLj^lvI C-Jjuo! a JUi3 » I Jjl 1 ^ »^ 

l_£>--V kj' '"^ JjySLJ t4*s ,j mi Tl ^1 t jiin") ijj-*.] Ij^Jljjj jjl <La3.^L-4 

« . uU tjL^ lil Lax. ViJ-iuu ^>Iaj j-jlaJb IjLAj * JLv fj\ j^^k. c^j^i J£ 1 $A\ 

ll<| Ulj 4Jru ,J| j < (ill I j-A (Jjua t j£. LJL>- 4jL>-V! (j>^XJ V . L yu\ r i2i\ £—6 J^dlj^U 

^^ylc t".(t .n L^aj . ^3^ *-Li±J >.kijUsTr.."i II ik 1 "^ Ja_t-ujVI Jjj "J I 4_JiiaJLa 

L_9^L> 4Jb^laJl 4 j r ajj! 2j "i <i H oJJb Jl jJo i-fljLtU ^1^3 ^ »r>"j 5 imAJlII 
JijA 1 iA\ ^j-A 4^aLrtJLuuJ jJ>~ I (JliLo lIILlA * ^L^jVI c-ti j t nil j-jJLoU 4_j_u^>o 

<ya jg o Im.U BjL^o £-ioj_J 4_yj^L_uVI LuLjj-uI SjujulI! 

J^g c nil t j jC (j^*^'**" <j c^j^J' \t)3* ^^->-3 • 1 qji^jjusj 4 j 1 o^JL (j^jJl 

LT^ LO~7^ C^*" 3 ^' 3jJ_3t-J_<_u J, ^ 1 ^jl^ I^JflTI <5l_L-4 4 fiiV *1 Lo 4->_LlJ 4J J^L>Jll 

j^^_*J ^_2^_<J ^^^3 JUvt ^ JLajj ^yjS «l "1 J ^ J 1 1 nil ,J^>J!j . 4J1 C \ ij^^J ^ ^ 4 - = ? i - :w ^ 
jyVl ^LUI ^ya ^ml 4 Un\ JlIc j^jJi ^yJLc i 4jjalilj ^t iJj JLuJl^ . 43 Ju <?JuJU>o 
Jilc j^JJI Jii^xa Jj-C 4ojal^ 4_>*j Ju j Mill Jl*_u ^jl ^iuj l LuLj *^st->JI ^-llo pLlJ 
ijr LsLiLI(J! Jl_jJI q Ci j-'tJ i 1 ^Jj e-jjl UU 4 <tUi U t ya ^.lc \ \Jj Lin g 

. 4jjjjjuiaJI Joj^-JuJI a'jJt (3^J O' <- ' 7" J 



J if liU.Ulj <LoJlS TO ^LflJjVlj LajJa 1Y* J. i .ill ^ . ^ m>,Tl J^Ja j-L 

j-jjiJ LojJa ^ TO u ^> nij iLoJLS n • ^L)j! 4jMj jJLj 4-9 1 ml aJLcLoll 

<L*_3 .*LiJl 4^_>-ljj £A j„\ t i j (j^rt V ifl jlj->- »A "ill ^(J-jv (ju J>^ rt J . ^^LJI 
<jjSLi t-i-^JJ . jryajJfl jl.V rio t ^ v i^>^M O^?*^ Oi-fl 4 V < a JjJaVI <j*-><JI 

5L*j3 #ULl Jl^ J^loVl *>^>J1 <j>^ ^- lQ - ) ' <r tUrt*^ 4 Uf 4 o rttl j t r^Vt 

I JLA - . U ^ a Lojl3 TO 4_cLajjl La <j; * Lo Jl3 ^ TO j La ^ V 

uJ I I ^L_tia_3 1 J " tlj <i " U 4-jajl n I Ljj — us 

^ 3 itt £^ <jl iiiJj i i<Jl > 4o . nJl 1 job f j \7<-< ii " OuL£ Luj CjL*-uLwj>U 

Cj L-4-u I t^xnlJLo j j r 4_L«->ij t ^ ♦ / 1 1 j 5Lj^_jJJ I 4 j 1 Lc j j ^ If. 

4-xlX ^ ^ j *LljJI tjj) al mil L->J I jJ J J < 11 




4-U oA a" . mV< O^v J J J ^ ^rU dla J ,,,.11 \'\ $\ ^^jLJkJI ujjL>J1 La? 
4jI JuJI ^ m j ^ LLlJ I 4^3 i. <f\ <U tULb « J aSM jitill Cr Li 3jL$x_> 

dll j jlju . ,i M.tl 4 <i > ^ (.X-mJU *LU 4_aLL m ^^1^ jl_cL_ciij Ijlaj 

£_IoLlL<> Itl'l <ft ^_>-jLJkJ i t_jjL>Jl ,.\ mil Jrt nil ^1 >--.. < S-r.nlU cU.1 1 < 1 

4.l<ij>Lj JU-uJI J-4-*J <Lojj-LaJI aJu^jj .jijLstjVI 4 a jrt.-v t jJoLLqj 4_jJl31 

J^L>- 4 U^L-JI c\ulX\ 1 4.1 ,.im<" L7 ^\ 4J9LLJI JJUIjj i4 /^iMAJI oLujU u-aj.i^a.<^ 

t J mil fjjn ^yii.ljJI a^-^*-^ SjtLc 1 <g al Ji-jr l,i ill ^u_J tjlSLSS 3jLa=_>JI 3jl i „ *Cj 
^j-CjVl cJa^-LaJI 4 ^ «w ^jjO J 1 oJI (Jjualu . j.^ 4_j^3c_>. <Jj£Li 4_i£ £ I i J 1 ( J_oSJLjiJ 
SjuljJI £j\ 1^1 nil i?Li-c 4_>-^jJ ^ ' ^ a J 4 , ,1 a 1 hi o ((Jjjio jljLau 

c- *- 

jl Jl»>JI I Jub 4.m ,»rt>l ^j^jfcjj * ,\ mil ^xjVI L-aaSJI V CLu-3t_) 4_^_JaJt 

3jLcJ > >— >«-> 4jI t4 < „ .1 mil t_3^lJtJ iSjui^Jl dl— Jt! L jjj), ?fc_"u ^^dL^JI 

. (Jja-of ^o^Llju! (J-q-C 4j I JLdZuuj laJ Jljv 4jLjj 

(j o r >>\> . hoj Vylfi U Jij J-i.ulij)) <<4jjJL*JI JtJJL,.aJI))j «4-jIfll!tall» 4_u jL>JI JijJU_u 

<UjJ — oil JJ til i _ r fl <. ?« . j) J ^yjJi J J J — caJl jj-XS 

4 ii j "1 v (JJ j3 ^LjJI ^jJIj . Jcl2l_5 L^jjj_j 0L-1-U *!nit ^jL^j ^j^-A^ t^t-i , 
^ j <5 » o **( 1 1 jjLifc.^l (jiH a < »Qll iJa C<-<Jaj^£l Ci.i> t^jj^U (JjJuu 3jLx£L 
4.,j.ui .njJI 4_«sjLHL ( _pJi 4_il^ijJjl 4__ojL^>JI JJoj t j£LI t^„A ^ til 

Lr ^ ^jLoj^JI J- i.i J I jJLa i4j4jjLall 4jJ.rit.il Jj, \ < nil 4 ^ jLc_i JL>-jjj . 1 i^>IT 
4 jj^_>-VI 4j\£.^jJI 1^ j 3jl CjJLjJI ^J-ti Lai . 1 -<-<±ij-£ uJj) 1 -r 1 ^»^j^Lj>. 

^Ir frULl (Ut i>v (^j-^ L^jI j ^jJaJLaii J^^toj Cm> 1 4jjJ ^ 1^ L^^UoJ JU-oju V 3 
t _ya3 L^J-^J 4j J^-4jC m^jJs ^^_ojj ♦ I L 1 1 1 c__ul ^->- ^1 4jjjpa 4 j rt4| CjIjI i u d (JjJ^ 

jLxiiwI ^jl 7c_U2_1j LvSLaj ♦ 1 v ,,iH t_-ulj_^ ^ lr SjljLj-uJI 4-*_2-^Vl ^^SJl ^jLS-cj 

CjIjlA^j ^LLLuaJI 4_l3 jJl ^jlSLll (jl u-j^cj j-Lalaii JLwJI f^J- 

. 4_La1 C<-u*lj 



L jLl Kebar ale a , t , Cr L ^jM_iX! j hi r <±JLiII o^JiJl ^ 

4Jli£ 4j_uk (j-le. Jl3^ . (j > In t.u^ (JT i5 « » l-j ^-L>- ^ j a j Mir 4 < m <i-^. Julj 

j— ?e_>J I £jj jj) V t«-iti , 4_cL_u3l \j J*-^' 4_>.j Jo Jjj <jC _SjJLi- ( (jyJ j 
£-Laj jl jJLu ♦ ^ >i j < n L^JL) Jjla-Iij Cj^. ^m i a lLILlA ^>^j <l£>- 

4 o ?itl j_jLc <U^L^ LS»jua Ao t 4_tLuoVt 4_lIUtj LjJsLi JI^j V ^jJl tj mil 

Jl 

i( jr l^ljj JU n*C (J-*a-»J ^ 4j( 4_>.j J ^1 I Jl>. I Lu JU-u j-uuuj . 4x.LaJj! 

^4 la/Lj C-O JL_>J I 11k t rt t, i e_3jjJLX j ft La ^ ' " ^ ' JuaJlj t LoJLS ^ TO 

4jI 4-^Li^VL ..Jl ljufc ^yS ^L«i "i^VI e_j JL^>o (Jj->-t c-cjlj^ dJLLft 

A mil dljj , CjI rt n ^1 ^j^o LJL>.^ t4Juo #-j->- ^-uaJu V l^^n >q ^ ^ ■ t y 

4l^ tnljJ O*"**} 1 g <^ + t i 4j^juaj^aj *4 rth ir^a ^LscjxIlj (J^-iuJi 4 IjLaTLm « 

tSaruj «£jj-i-u)> 4 j 4-iiIlj ^jL^tlLtJLt J^MI! w n - -jj ^l^^! uj- 5 ^»^LII 

4_^Lualj ^^jljjtu-o CjLjj Lull -v- ^j.jfc i nil ^jdKTl ^n^>J 

4 <il" -VI I 4_uLuoj^M 1 j t—tjJLLij^/l f ^ (J_iJs LljJlJ ^ U 1 n^JI i jjj ) _aJl 



' ni l <3 >Jt>s lg» Any j $ tVi i^Ui Ja^lli > I 1 V" < ut ^iJLJ j 
^LJa t j- j0 lj) ^ * ' o^ftlwJLI (j! ^Ijj^L ^ <a 1 4ij <LiLfl ^jjl J^JU LgLoj j 

cjLfcj.^ jla-uujt (^^Loj ^-jjIUU <jl_£ I jj La 4JU>. ^ 4 j , iiL^j 4 o ... J *v t "u.l 

4-3 1 Inll jjl trt a LAjL-lcLj J^Ju-uJl ^jj <iL nil jLfll t l^_p*lj , ^ fll^lL CjI j « n T I 

^-jjoV _ ! - JutJ A i m J k jLi_i-oj^_>- (J^9^-J.i JUujJ i^LJ^J _ j _ (JjJ JU-o t -tluJ 

^^iL-cuVl jj) >-*3— ^3 j— ju3l-4 ^ya (J£ >7< r ii i <<I Ji^V mil jiLu 4_<^)L«-a 

diLu/jL^jd CjI j j rt" tl djub >j*r.l.q iii Luj o k ^L^_s^L_i_u I Jjh^ <j\ <Jli.uU cJ-dJul jlb 
4-<udLx 4^jLu jI ^Lii^F.,," im\ j i ^ L^j V I >,<.j i uLU, i ,jLrLj-B^ 4.5, \j -w <i_uLtiujl 

v 1^-1^9 ^^tt "ill oLjIjj JL_>- i « I . ^gj, j j>JI Jo^LJll 5 usa^Jl 

Ja"^ Cj^ ^lr> L^ji ^ J-lj °i i4_AjULi 4^1 In Tl a U i t^U J V i ii.ll j * (jr 4laJI 
,4_la^LojJ CjLcIjLjJ l^jl ^j-<-u 1 {jn i r> ^ >. . .t «^> j 




no 
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Cjlj 4 J i ii \ \$W J i aJL) LjLA Jj ^ .t 4 J^Jt-) 

JUUU 

^^L? a _ 4 jf.l i i^all e 4. j t j t,]n 11 Cjt^l^Jt _ *-n 4-jJ1 

5 ^ fc»*J \ r- \ ... 1 .>>j1 .^Vu^>^_iJt 4_o JL_>J 

i^^-i-I CjI jtn") <)U") ^t C oLjII jljLjola ^jJI 

J 3 -I , nil a *^ol .nit J y _ r ^ i?L_jIl jJa^ I 

Jo^x-iJt ^ 4->-L-— I 1 3 - J-^LJlJt J ,^ n U ^ . ^ ^ ^ _ ^ 

. C-) 1- t I iVl 1 1 a JLA * — cJ ' XJV * > 1 w 



tti 



Jij^w^j ^^-uaJJu ^^ll I <Qjjj,ti a C <J-pJ (jr fl i i \ oil I ^X. Ju 1 r in 1 ■ ■ ■ lLJLlA Jjt ^JUj 

4_a^£L>* t^-ij *4 6 > Ly* ^-^3 ^Ll^j j^jiii 4_aL*J1 <JLa_cVi ^ j^.^j" 5_^^Lc 

^jLkJIj (jjjL*-uji (jhJLuaiiJI QJ) J U-^J 'liL^' ilh* 3jJ*u_<_a_aj 

i ^ j ■ ■■ Lj-4-uJ I j a"^VI £j-l*3jJU (. 1 tlj->J i-al <i"i frl 1 <j1 (jjJ) <j_a j 

(j^j^S JuJj 1 <j mi^I 5 a V 'Ml Jl a 4jlxlj Cj^L^ 

3j4->-jit A atViVt ^jJL: ii>U_>Ji ^jL^ Ujj ( j£J * Jjv^L3j <Lj Jl^ ^jJI uLLujVi 

j^juajJl ^jLjJ ( _ r aMj^y! j <^ *tl ijr h 4_jSLjJjj) Jlj_^J1 ^clajJI 4_<-uljJ i^Lbtj 

j^a£j I ^ *i a ^ «U« (.SLlS j1 j ^ '/ 1 3jjl_3e_a i<_^aj^M (j_a 3 j j 1 ^ (jgjj < 

3^__iu ^JLij < 1 ,m t ,a ^ ^t^uu-A j ^"t\\ ^L_a ^1 j La J <c j .j^>-l^^fcj d Ul ^. a 
JL^j-j "i ^Ul ^jJ-C ^LajVI ijj-se-ij iL ^sj^\ jla^ ^Ul j a ♦ j *^ ij-^wlj_>JI 

t^JL! (jJJ i-olS j^J aSI^I ^U! t^-aj 

^tj-ojj ^ (^JLtJl j mil 

tJjljjtJl $nt ijr ^ ^Li <mLi \ A <ir ^ jlVi 1 uj Ij-j i«^cjljJI 

I, . J2j>JI jljJLal LJ i£. olJs j ni^ a JSwJ^ 3j. j ; Jjl J^v. j—i-c 

<jl . Gravity flow 4_ujL>JLi Lr i^Lilll ^jLlJi (jjj-Lo yz- li^ ^ cijJl 



• 3 JLj->.j jj-t-ol 4 U i j-ulJxJu 4_uJLjJI <? JUS) <jl n-i^o^J 4jV p ^ <t ^jJLa jj 
Iji^ t ^ < i trm lajbj .Jill jJlj*_U \^.jS1a cA tUma 4 l t iAm 

(j-ic < (i I jl Uij)! in! 4^Js alJli jLJLI ^:^_?c_4 j-^>- $\ Jj^->u l_9 jl^j jIj j-aj j!j 

JLI 

tiJLufc jL£ Lu-o .4_«j1 jjl 4j1 amiJL 3-*J3 *^ 11 jjVl Jlo ( cjLiij3-Jt 

^jta . 4 In / nl^J <tbL>* 4.llu VI ^Ju V iJjClfW ^Lu^V .^jjv 1 CjLcljj 

JUJ j .4iuJ^JI 4JiLu^V! 4jU! ^ ^j^aJi Ja-aVi CjIj CiUKJI JUJLC ^ J^Jvl 4_uj 
Jj^I ^yi (JijJi CjIj) t !^ Ij^JU-o <tl 1 11 U J ^ i*t.> t h j*S /^jI < nil Ji^ nil ^^js 1 iU IIjIj 
. jz) ^ju3l>JI "^j Lt^~ i ^ J - u > >3 3 ^ >L k' (jr' ^ tn t a 3juJu>. 4jJLaj i cL_j j| 

5JjjJ1 Jj_a£L^j (jjjj^oVI ^L^ ^V^ ^ jilx ^ LoL 



.^uLlwi)/! jfljVl Syrianisaiion ^jj-^Ji j-iUaJI JUoJ j ..^"j ^1 J^l^tJi 

ij- 4 <Jj^ L^ 3 U^i? - *^ ^J-*^^ ij- i^-^L-^' ^J^>^ *£jj>^ Lr^- (J^J^ 

jjlc LJu^t ^Laui jj^_JI jUd^i ^ <jL£ t JL>. ^^lcj . j^Lyj-L! s-l^LUI 

jjL-sa-o cJL£ tiuuv ilj>L>. CjLvIjJL SL^j-iAJI Alicanle r.i^lj Novelda IjJS^jj 
t Jj^ls 1 iku'\ ^Lyi £d3>> ' ^jW J ' ^6 ' A ^-fjLjj (j-wL-u^/l dLtil 

4 o Iri il 1jJL£ju 4jj-ujVI 3jj^_>JI 4_ui Ij jcjjJl) Qj)J"^. J ' "U jl t "1 uti LaJ \c j . 4j^JJI 

^[^SkJ ijijj-t-uLjtJI sLoliJi Cnfll (jj jju t j^yLixil j im r jL>Ji^ j-J*L»JI tj-uj-oJl ^Ll 

CjIj.j j iu ^jJJ ^JaLuoVLj tCjij-flJIj 4_LvJs ^yz ^j.jjJL 4 j mj^j CjVj->o ^jjLjJI 
m ill ^1 « mi 4ji^1jJ1 4 !>■ i/rtTi CjIj jtt Ji a Cjit^UMtU 4 o,l*> } & 

^jiJ 4jI .Ljusj cLAjV \j j -l^ Lai ^^-uLjjLjxJI lIIjUI iL>aj^_cj 

4— >Jl_i^> 4JL>- 3^ 1 1 1^ H JjJ mlIIj j->.lj— >Ji ^^yii. 4-la^L>JLlj icJu^uaJlIij 
O ^ojjuj jijJU a t ill 1 nTl JoL-u-JLtl { t \ 1 n < iLjuud L^JU5> I Jl^> ^jl^ JLSj . jL^JU_i-o^U 

p _ ^) JSLwJi ^uojj *cjU iiM Mill 4j>>! ) nl, jIjluIj ( t jj j ^iJI ^js^a 

4j>>j r 11 a ^ <itnt ti Cj\ IrtM r nil fiUf J rtl - ^ U , ,.jtl jj ^Ij-JlII 4_i^ 1 jjl^J^Id 



'(LJLJgj.XiftJI *h mi v'iqII 



* jM-j-JJ jjLJI <-a;i j^j ^L^J! „| 

J>to ^jr^- <JLwJ» miJ cJl Jul (jL£j i((L_t^jLll *.w ^u-uL) l^j^ju LuL-o 

(jj* tjlc] 4la-Sj ^^1^ jlaS ^ £ju tCr Jci*JI CjI t ..1 <j\) 4 jll m,|| 4_sL>JI 

CjI^IoJ I m 1 1 oj^ inttl 3j-jjLuoJ! CjIjj T ill 4 1 1 nit ft CiJL£.Lui <4j^j9 

^44jdl 4j>-J <_3jJtJ .3j-uaJlj jIjjlj cr**^* L ^* fc ^3^3 ^p** 
(j I jJLjj tjSJlj t^L^JI <?lj^?c_4 Cjlj-flJI JL%j1 ( J yJ- A 3 ij*JL^Vl o\j^c-a ^\ 4_L>0 J^-tP 




CxLsl ^pJI ^ j-c^j^IaJI c_ajjJ^JI tixjLS^ .^V*\Y ^Lc ^ jl juu <h ,.,13 

4_uLj ^ i 'n n 3 j j < ^ q 4-9 1 nnn\ CjljjSS mi! <L>>J £j-itj ^J-JI ^tx.tj 

J o mm (j ! j_$Jj I ^-J^-C. (j-* 4 a ^ o ol jJ-S ^j-Jcjj . \ Jl_>. 3j j i *s 4-jvl . n a 
J-*J ^yJ l o m i (j^J? 4j>-L_u-A <Lc I j j ^yS L^$j4>Lj-4 , V \ *<(<J£J» j (((^j-aJLio) 

. l^jl !i 4Jjjdl lijj^ l£J^u 

1 1 .Mi l (JljJJ 4 A tr\ ^L) <jr lcL3eJ 4_ju»L>. 4, Jjlj-xJI l_j^Jl>. £-jIsjJI (jL£ 

4_Sla_Lo Julj^ . j_5c_jlJI t_j^-SJ 4_J5l_lIu ^ Li, I ^^jja 4_>l Juo ^^Ldl Jj__>. J ^C-jJI 
tttj t< rij tr\\\ jj) ^ mi (J^Ljv JjL>— 1 ^ ' "3 Cj^ L>^1 ^ (jT-L- 5j_-L<a_jJi 

jLkJljl ^1 f ,\ r 1 , n") VMIi J.jit;iH jl >■ M)| CjLcljj 4jjl_^JI CjLj>.1 miU 

(. rt i <rn (— i \ j) ) II £>Lj_a J^XJJ ( JLq_ Jt lJ| I ^ J ^ ^ jLl »JI j^-JiJuj l.<a Ln aCjLjLuJI 

.d^yjii a^jLui 

jLli^l ^w*\TA ^Lc. ^ (JI^jlJI ^yJi o mi ^jrUjJLuIl ^"uj >J IjuLi (jljj-£. {ji 4 j* r 

UjSLjjiL Lftjitj«a (j^SJLl C_lLLx>Jl ^jj 4-flaL>J1 JjO Jjl mi" II JLSU 6jiS\t\\ 



'L&*d$j±JL%l I ft hi V'iqI I 

a { rtll ^ya d <r j m ^ ^ ^| /ya ^jj-SLa (_gj^ < >tf ^ j V a Jbj-Jtx j-joVi l^-iLj | 

J) ' 
(J <t ) iV^jVI j^i njjj*.*$\j : jljuu ^j^q (j <i t nil JjiJ>iJj (^j^Jojl i _ JT J Lo—tfuJ I Jya 

3Lu3 (jr^- £-^J I J ■ "^** 4-ujJLlj » jl^Jl ^1 (^jjiJI *-jjJL>JI JJ^sj ^ <jf "U (j <i mil 

.CjIj_LIL!I £ja 1jl>. J JLC j n t-dJj Juu^ . (jOLlaJI ^jruL^j 4JL-aJL<s j^Jw-l 

^ I (J/L^l i ii <a I j£[j pjj (jjjjL-fl^JI in! 3jl_C (^jj^L-iJI LU j-_£jLi 

3j !1 i"<T \ ts>\$ * £^a\^Jlil\j 4_judL>J| JjjJL>JI (_>^JLJ ^j^^-^-"* ^J- 1 ^ <J^-J-^ 
jlj_iJI 4jjJ^3 fU*!j 4_C 1 j j>±J l^-AJj^o 'j-^J-^ O i>»LAJI OJ-^I (jr* 

JJ fl^* ^ d ***JJ f J J ^ I L^jl -j^ 5 ^-jJI (jr^-J «^njl<"tlj (Jjj 1 1 ^ SjLtJilJ 

. j-i^^JI ^Ij^J! L^jwHij^ 4JjJlII ^ 4oV<>>1I CjKj Milt ^jJrU i^VI 

^u-u^l Jx-^t-j i^jJI cm j >JI (^jIj^j^I ^ji^yi \[}-jJi£ j-l<>\ tiSljuT jL^j 

JL^C ^"i ^ 1 nj (jL^ Lo^ 4_jJL>JI Jjl" < 11 tL>_3 I c 1 ^_>. I o mi Cf j -v. 1 4 mi 

^ ^ • tl jL^jVI J J-C 4 rt U *f ILj Ju>-^J . 4_p_J_LB J t J I ^ U ( njj! I J 1 hLj t_xJ^3 

Jj)j h>TI (JJ^-^-^J Jjl "l 1 11 ll t ^ I I "W (jjS ^-L-Lj ^ jJ! >V I 1 <t> J & ) 

J? 

t_jjJtJ| j^tJ <LS_flJLj Jjljj JJ-*-^l (J^-^ (jr^ L^^l 3l^_i4> J-^-*J * Ijlj ^J J ^ } 

Jl fi * 

^_jui_> jJ! <_)Lii^_<3 >4JJ • f 1 j ' ^ ^ (j,^ lj-^' 4_aLlj<i J^J_U2UJ VI o mi i <ib»M 

u a " m ^> i^Lui ^3 uj-c. M | 'J J * jj-*-^ JW^- ct^ ^- L ^' 

dJLA tj^l V" < nl ^jj (jL^J . j-jJ^VI fjjn J) j Mtll 4 ^ -v. ^1 LIj^-oj V* JUlj 

rr^i tt l tjLij tijJI j-C.^ J^lj (jl-^ Lr^- (jr^ l-A>^J jl-^^^ 

J< m.j t^J^I Amu Darya jj-a-j -w. j^j j-a j-^JLj JL>JI CjI^ L*ila t u U .^jJI 



4 i i mi V. dl^-^t-J 4 Jl_U 4 j r 1 r mil j^-lj-^J I fjja ^Uaj 3j j r^Vl ^j-a 

^ ^ ^ *(*). 

L?^J '3"-^ J- 5 "^ ^ f*^-*>-^ ^j^UI <- 1 mi -^J Lj L y&\^tL J£ JUjjJ ^JJ L)L^J I^-C. 
^Lfcxi ^ <>n dJJjl£ . frUl L3 _3 4JjjJ Jx3 ^-.Q- mjJ 4 .,4. mi C ylajb ^j-_«JI CilJajl 

L^j_3*ij_t^j 4JjJlL! 4_j j til CjIjjS 4J_fl ^ rt"n ^ V <^> (jls 

tjJUJ La (^yic ij-JjVI Cl>lj) irtli ^jru ^j-fl i^jL^UI j-^j (jL^J * 4 <t to ijl JLclj-oll 
■I 

Aj^Loo LLaj i Ws q\ ^1 ^jLj^Ji J-t-ol^JJ frlj >■ i^tTI Jijjj mi 4_uLj ^jjtj 

♦ Cjl ft M I (ill 

<j! j-»jJl 1 jufc -»- ■ ■■ ^J^J OjI^j i 4_ajJLl *JL4 4jj_»JL! (_-l>-Lu3 - (jr LMjJaX\ Jj-ii 

3jl_Lia_>Jl ' JSj-f JLxj»>- „ l ^_3e-a . J : * L^Jj ^JJ t-^-t-u- ^ L;r jualj , ifl j-d* jjASLa 




^ Matthew Arnold « aJ^jjT >jjL<»» 4 n *|»Lu1a>LI 4_oLv cj! o Mi.a Sjuu 

4_JL<aJl 

.(^j^Ltil j_x!ol_*JI (jj., a. II ^jl^t tl ^i-ujl.i 11 ^-^.1 Mill ^ ' "J\; ^ ^ * ~. 

Igjf VI t^^-J^y^ j * Mill (JL*£,Vl (oa! (j-a jJ^jjT 3ju_l^ (jt (j-fl ^£,jJL^ 

** ^ jj 

J^LiUl jiajl) ^ CjIjlj LHjlII <jt jJIj .4JLkLs m^j! L^Lw 



^Ja SjuIjJI 4_^5^jJ.l ^ (^-Luo i^j^LJLl j^iLJI i^LHl u>-^ ^ L;r o j j I _o_>J \ 

^\ " * Juu Cj) cr-^JD S 4 (t^ J-uaudJI jJaJI) ((^^JUJI ^lj! <v a» Ittl 
^ l ^a>LlJ pJLc pt^rt 4LJj t ^_tl^>U 4_jj3j_i!JI d>L£ jdj ^jJl 

ifj U nil <Lcljj 1 <j J 4 j <a mj t4_>j i ^ 4_iJL} L^juojI CLuLS tNj <.CjLvj < M <U 
ujj^-ua ,JL>JI 4jfc_txlaj ^jJI \j^3 ' ^ J m'LUj (jLuaJI (jr £,1^_a oL>»l > na jCLojj 

.fSUIl ^>Ji ?U^> <ya S^UJl (yb US 4^1 
jjjjLjJI ij^oJI ^ jj ^ 4lajLiJ 1 jlrtjt^ V"i 1, <i > fij - ^ ) (J£LlaJl ^jusjj 

^Uaillj *j;jJi]l CjULoj iL$l£ SjujuJI jjjdj jLu ^LSLaVL /^SL ^Jj ^^l^LJt! 

a JlA <jja j—jJi^JI JuJL_>o i.ft <oj < JL>. ^yic J t ^jJl Cjlj-t^ 4-SLl-uJ J-al£Ji 

3LlS CxjL£ (jH^I J tQ^jst-c*. j^jJ 4_jj9j_jJ! 4-OjuaJl £^ 4-£.j ^ 1,1 ^jl jib£L>» 3Ll3 
(J^JLHj iLaJL£ (jjj^lj \ $ i ~r>j-Cj \IaS& j mi C Lul 1 ft 7t <iC ii—ijlj-jflil <Lj_>.^L>3 
^jj-bj .CjI^ 4 mJ a < ^ r l>- L^j 4 Uj tkJ. t ^ Jo i j V I Ji^-jJ (Jl <; Mill oLs-ui 

4_4_ju3L*JI LuL^jjjv ^."i.-w 4_j>-^ qIJ 4_^>JLa-i=> 3 Ll_^ (jy-Aj tCjL£ 4 g>, a 



iJul" i ill (JJ)^ J^- Jh^J (J I ^ujuaf ^l^JloII j ir>r JUU (jL«jJI ^j«4 t rtmtj 

(j^aJj-o t U dJLA LoJLLlJ JL3j t^JjJiJI £>\j-z*-A j-S JlIII 4_uIj Sj^ 

Lr^l (J-^J QJ"rj> <jt 'Mut tULlA 0-"^J * j^Jj-uoLt^s 

U>>> I JLC L*-*^ i^J^LJLI j Mif (jgjjl mil ^Jj-oJi frL^Iul c_Jj^ ^ylb^ (^jM-JLI 

i£>*^ J>^ oW^' cr* (f ^YVT cj) j-uVl ^1 ^j^tJI £j>U 

4_U I^JSj^lj >J 1 ■ "ft I I n *C Mil 4 t t\ t\ SjJL Lftjl in Jlaj ^jL>.jj1 

<KI i nj ^jJl ^jJlHI m£j^JU ^ oj T (jr^HtJi ^j-i^JI oL>uV1 tjl />> j rttl 

aLtll i t**- nt 4_fll_jL^ I <Lcu^lxII CjLjfljLoJU jjjaj 1 )K t nVl ^Lj I ^jL^ I oft a 

IL^VI ^j-A 1jlj>.|j J I LjLj JL_i J ir ^| (jL^ tl tiaJl 

6-° S3 si 0^3 'O^H^3 by*-}*- *£j-£ uyt ^l>JI 4. j .. i^^ JI L ^\y^\ J^-Aj 

Juj9^ o i ii 1 "i t j JL- o 4 j If j-Sj ^jJI 1 tlijj I jj ^ J_i_L*aJI ^ ^ > : t ^ * 

4 In ^-a ^LjJI ^j^-^J I ^5 Lldloj t tJ^-J-i I^J*^ I J/LjjLj<jL<-uJI c- l^o VI ^SL>. Ci>i 
QjJaJ\ (-JjjiJI ji j j ^ I j^JL>J I ^^sLfllj tL^jljJiij 1 ^ " m '•fcj La JLjv ^1 
. 4_tJLi_>a Jjjj ^j^o ^jjIs^j 1 <jjlf pLuJIj t^Lusjl Jj-ui ^ J^yLJLl jjiiLaJI 
, ^jLti (j£ J^u^LuxJ jljLLaVlj ^VLc JLi_jh. ^4 JuLuaJl | ^ r JaJ 

CjIj_LaJI <jru (j^*J * lJLlSj q ( .i ^^jjIi 4 Ijl^i ^t_4_u1^j3 Juu L;r Lc « jl i nf jj» ^ o < 



ftjollmUl 8 jLaaJI ig& SniN'iQllg logbUI 



j^Ji j J t/^j I /hjtt t4 rtl"V *a (j-s^I^j 4-jJuLjJ 4-LjJlII Jjij-ot *_M, t <*■ l2jIjJc3 

M^JJfcjS aL>o! Jxij ft I it jjA ^L-JLA \ * JUU fjjlt. Sj J) 1 lufl 4 <JJla ^jLitj CLuliT 

l^j JLajJtJ^ *dL>ol (J^ / Lit-uuj^ j iar ijr Jji 4« < u,"*- a lflr»»l ma *_Lj ^^jJI Jjjl JL>Jlj 
(JM->* SjljJulII 4j1j jJLuaJI j-^j jucj . c Jxa 4jLo i _ ;r lc Jlj^j 3j-jl J « j j ^ 



jl t4^ol_C 3jj-uO-J £ tLaLqj £j_juaaJ,l ^j-ujJ JLoJ .^.^ Y * * * <JL») ^Ijj g->. 
^jj^jjl 4 otVtV 3jLOJtil 4 j "t7Ti)\ oJJt 4-uiBLLa ^>SLxu idJJLSbO jJal^aj CjIj-IoJ 

.4 1 <>*i*r >a ^j^LaJt J> JL^J IjLl>>1j t^j-uL-LuJl j) C < I jt 4 i mi <ll JUJl^ljj 
^Jjf 4^>.LtIf > ULI 4-t.q-^ i ncT) (ji^ 4 j i ii ill <,, 1 1 «i^>> ^-jj^jJI ^hLIaj 

Jjj i ii a J£ ^lir n"ij^-i4 j /XljJl^M CiljL^jJt ^yA JJl_C j^JJ 4jJLiII SLlSJI jl 
.(jIojVl gj^lTi tnj 4.SL11 xu La ^jfc->- 4 i ( nl Ti-a oljL>.^]l ^ m> 

4_^L>J1 jiJJ (jA J-Jj^-lJl 4J|jLX. j <T 4j| <jr fl ^UaJJI (jLA SJ-^ ^yjcS^^ 

4 <ILqJJj La <J£ jivlj JjljJLl oj-^ ^-^^J- -0 I jl La 4JL>- 

4_JL>J! aJJb (jr&J dLJLI O-ua^Lu jf cJS UK 4-a£l *7tU oljjjJt 

tdjulj dLiAJ L^jlx-ljj l>^*^ ^ l^J^' O-* ^ Mt jci 4^1 t n a J^jlj JSLI (jL^ 

(Jjjs 4_uIj 4-uajt {SSJri q ' ^>"' ^"v ^jJJ-^^ 4JI Ac ^ j n.^r *i 1 Ju_^^Jt JajuuJl (jp3 



j-tla^j .((jL^jvjJo)) ^ < .iLj l-Aj-ajj i ( j r la_cuJl L^_uL*. 4jjLj-C 4--t "i 3 L^j jJL^ 

^psj^l 4 »W^tl dlLl] 4l<«">^JU 3Li_aJI J^Lxjj -"^ * *1 jus Sj^JLU 3 jlU 

J VmhI <J^-u* JL^J . JjIjJLI d ^ ' "J ^JlII ^LlII (JljJI JLC j-jcs (jrJJtJ jl 
4-j-oIjJL<j C )L>-1 i ii <i {JJLlLj V I ^1 j a 4_ua_>. ^yoj JuJjr it jl g ^jJaJI 

4J <jl£ j^-xj ^ jjj J£ (jl J^^w <^jI Lj^itj . Jllll ^^k. 

jLLafll CjIj c_jjJjj L#_s 4 \ t i"i 4_»Ja j Lc d U , « \ t n a 3j j t < «n 4jJuu 3Lx3 

4jj1 i ii "i a £j\ j o*S ^jlj^o J ' ^ "*~JJ • j itj I JL>-V ^>^4J ^ 4 rt i"i V ^ 

v>o (JJajj 5^_bjJI Ju^JLb t4j JljJLI 3 1 i a ! 1 j j r S <il_ll (3^^ 4 i m'fl 1 * n j^ljLjj 

(j&<l£ LiUjL^ .(jVi Uj-^i La j stj (_ y l£- i ( jjiL_jJit! 4 1 ■» i ii j ^JlII dLtli t— ij. in?<it 

,^Lc (jUaioJU 4-ajaj c-jj 1 In U jIjlS^j JuJutlJ 

/jjo (J-uJI (j^l_j-i>3 o^jj . 3j <i ^ J I 4_<jJs ^Ir (jiiij jjjJI r» ( <il ciU iS^j^LSJL) 
jiJuu 4j>.I i n <n 4j^%oo 3ji ^uL*S j ^ ^ J <t tj ^jjua (Jjj-L> q"i <\ Jj).ar 

u_tJ Juq 1 1 r ^-jl^j 31 In ii n Lg-La t Cjl ^J*^ I fa Jf 1 i nj^ 4ju^JLI 3j n It L< I *J I 



4juj? ^1 Lg-Lo (Jl? p ' - ^ «j 4JU LiiiJi ^L_uj3? Sj-JuaJIj i4_jju9jX. JojtnV 4 In < <.l 

nil I4-L0 4_JUjl Jl£ * 1 A "°> ^JJ n\Cj 4_JUjU « 1 t J (jJj Mif J 

j I! ^aj..*} \ *j * 2 . . " ^ a Jj^toLi-jJI £jub * i _ r J-uljJ! <-L»JkJI i ^ r 4-iL>- ^ Ir 

:4- <uj all 5 : A M ...yt SjL-g. *JI ^ K. A. C Creswell Jj> .nj^g 4 1 T 
(A Short account of early Muslim architecture, Harmondworth, 1958, 292-6) 

^1 ^AoY j W\A ^Lc. CrS? J>^ 3^ Cm ^ * j ^ r ^L-Ut gjjjdl Jl-Ic 
^ ^ jjL-uJt j j ■ * ^ ^ji.i n.Tl tjix-ljjJI JLuxii jlLc ^LiJlj i^uY Y , o 

t 0j i n *C JjJa j>^-jft-*Jj Jjia *( <u - u W a ui j j-J-fl ^ , jl^S cr^J J^-^ 
4 Xa iaa^j! ^^JlC ^^jJl j-5c_>. J^Sujj . Lclj j \ ^ *CjLaLcjJI dJLA ^l^sLi 

*^3j-jJI *— 4jL>JI ^ l^.t.x^rw ^ILoj jLajf (JJjJ^s J-uJI ^Ij-4J 

.^j>L_lX! jJ^l ^UiJ! a>^' j-^'i' J^HH?* Lh 1 ' LI LS-xL^ 

L^b^ W Cr^! ^U^ 1 VJ) hm4 ^LlljJ YY Jj-LJt Iju-A 

*L^>"'- Mt ^ ' (j-^ c-Jj) ,ni ill (jr ^ SjbjJI (j,-^ 4_-Ibl i (j^ajj — 
Lu * J J n C. 4jMj ^i^tj >xjl>. ^jjl Ja^ lluj-OJ 1^ mi rt*> Cjbs^mt c?J jjjjyi 
■ ■ ■■ » 1 1 J y^i ^ J)j-5c_aj ^i^J>Jl 4jI_jl>- 4J_SLaj ^jl Ul ntfl S 4JLl2_>. i-dJi 

Lalji .JjLHI (<Jaj«^j jLsjiVl ^MiSI Ln^-ALt^ jjljj itjl_><^> 



J>Ul ^j>LJLI ^LSJ! u>^l Cr*! 5 J^"! ^JLIa 

4-jl Lux 1 ) Jljflj^ tjjjjjl £ jjjl_tS>a ^.Ltfujl ^ CjLajJLua ^ 1 nJ rtU Jl2j 

^yjo^j ^jj^Sj ^jJl2Hj L-gj nil! ^ 3j)Lj^J! ( jr 3a dLJL! c-jj < n la Ijuj La j_Lc ^ • 
^jSj . um\ji nil J>^f *Utl (jijl hi a L^jJI J <n 1 ^^ylJI 3*ljJL) 

(^gj "l hi ^1 J_uaJ ^jl (J^ - ^ O -0 1 J n «U 4_aLc £ jaiLiII ^^Lcj (jJJ 

Jjuaj LajLt£. L^-j3 (j^LlJ! gd*HJ^ t« 1 Jl£ jl JlSxj ^^jJI l*JjLJ,I JaxJI dLua <^ jlj 

tjijj 4-j I ji^^ju ^J^f tuiljj ^ "I (jJJ c-j j 1 n <l l 



^ I LjJeJj . I ^ jll j (jr lll ^LaS/l L^J 4 oLti! C-jI inn 

^yi^. Lb|L*iajJ j^j^-J (.oLxll (J-o-tk] 4_q_^_a jjl m a 4-j-C.l )U ir>VI CjI^JLoII JI^J V 

Jl ur^iUL. ^\ cj^I 

Ju^jo ^1 jl"i til ^ (jL^ ,4^L>JI 1\t„\ 4_j_aL^ >>aVl <jL^j ^ tfLJLI 

j i^t "tl (J-a_*JI ^Ij-j>.V j-^La ^\ 1 (i .a ^1 ' i L^ 2, J^^ u-t^-Lx-o 

4 i n m r^r. a OjL£| ^lj-u . 2 ^, r I ;U , ^>VI SLLoIl »l mi*>I 4 jl r <jl * 4 fci^^m ^yic 



JljIjoj <L«L*Jt ^jJoLUI 4_» ^ JlII 4 < <ni i jjuilb 1 <i 1 < n <t 4jac^jfc_« (J^£j 

^1 j n j-Llj ^j^LiLc J^J *(*t*J^t c,J'>>- (>^) cr^b iS^-b-* 

4-jjLiJI 4 n 1 In H ^1 j A ^ 1 1 Jjusj 1 a, 1 jf j .^j^JLl 4j4>j_^ (Jj->- < " '!>-S^ ^ tm, < nil 

* JlL>JI ^ys 4 U,J ^ T "U *UI L^J>Li. t 4lJ& UcLl jJLjJI <Jl jSu 

tLsj-LiSi 4J^>.^L<j 4 m A 1 ClBjJ \ (jr l9 **LJJ ^jjULa 4tx^\i ^ (Cjj^ 

^1 (Jj-oj JL3 j_i>Ji (jL£ I jl Lo JJ-^J (jl ^1 mi oil ^>SL«u * V . Lgjj mm a 

JL>- 4 U ( nl^J t(J<^>» J J 1,3 i ) j\ ft VVI jL)( ^J1-^ (JjjLOJJ ^JOCJ 

4ujc1 <U r^VI SLLoJI jl < <i.o JuJl>u ( _y3 ^ <3tl J I ^-1 m,l o U 4jJIhJ! 2l*^X1 

ijjloj^l cjIjI r<r V jL-JLl jLtli-l . L^J ^Ja^ jJI ^>->JLlj LbjijL3tjlj 

^jLj jc_*-oJLt 4 jU r IjLpJ . I '/\t< jl m f I 4_lSLUI 4jLi_tii (ji^SLj ^jL-^-VI * Lr^J 

(ji^ 4jo^Lc julajjj i^Ut ^Jsxi-u jjjua^ij ^yl^ i^Vl ^jjJI ck>^ 
4_bi 1 n a Jul-U jL-JLl sj^- 4 U n 1 y-1 < nil jLxitJ ^cJ t^^^-uajVl i,u.U J-lC 

*Cr^J^^ 4j^lJI j-i>. (— j^jJi t>C ij-Xo * j T * ^j^j ^jl^jj 

ol <t jU*V j j An (j-^jLJI JLo *JI ^j.* ^1 in juii djLc ^aj) Chainman 

^LV-jfcTt ,r-ol ( j^ 3 4 mi d <(4_LcJL_uJl ci^J*' ^ J-<» ' - SjLgjCJ 4_jJ| jJ^jJLl (Jj4-*JI 

^j^j C-JJ in (U ^jlol A V >i L yju\ iSi ^\ f ilII ^J-JJ |ftJ ^(JjjLl^JI 4jjLa-C 4ii iil ( ft 

^3^j — <DI 1 11 1 4_Jb Jl_>- (3j^° f kk ^~" cu3 t(Jl_j>Jl 4 » j iUj ♦ ^j-jj \ a\\ 



^yj-li CjLj <rt" II ^JL>.| ^, \ V 1 uil CajL^ 4 <U .1 A II jj) *fl tCjLjj)*i mil 

JOjcUb Ji-mVi 4J3 jlaj Jj->J1 ^ 4ajllI1 4-<o}L*JI grU 4-BLuJLI L«1 i^LflJjVI 
tjL-oXI J3J0 (^yifi. Cj Ljj"i 1 m.I I JjJLthj jj j-^ll J-l^Ijjj .(jjJjVI 4j^_$jJ! jJu J^<U1 

.Jj->JI ^L^J (jJJ J-*-aJ lH-** 4 >A? 5^>^ jL ^" J^- 3 * 1 ^ Cr^ 4-*^-^ Ll-ualj 
^Ji.lj 4 in t cUI U id ",-< 11 .a ^jlajVI j-L Ju9 JLJjui£. 

M-i-fc- jLlitJ ^LuJtl i2Lj£.LLlaa-aVI 3LL3JI 4Jk^ 4 1 1 n fIL) Lo I .^Vl j^jJI 
(<u *(Jj)rt^ll (j^s ^yic I 4 Miii 1 CjjSjJI ^jyjS 4JSJ tjjL^-^\ j^jft 1 al I I JlA i"im Lljusj^o 
SLloJI (jtj _V .flj 4-Aj— 3j ^*Vl j-j-_l1I ^j) 7 1 * i- a 4 1 (j-LJ ^l— ajjVI Jj^-^ p 1 n nj 
J>LxJI ^1 J>LaJI i JLA t n u>»JJ .4j^7U 4j>> j"rtU jLjVI JJLC (^k. 4^1 iU .^Vl 
(^jJI *LU (J^Aja jIjlxj! Jj..Ij>o < n j I jSLAj *4jj^j jJxj JSLI <_«-< n,.v jJI 

. — ^ — j SjLc 47o j«t T*jl^pj 

* * \ * * * ~ * 

jLjVI (j^ 5 J«J-fi j ^^-?tJ ((^l^-^jj^laJI pr inli 4 jl a tP ( j^ s *Lg-IuVl Juuj 



ciJJ J (jj^di * Luj^ V * * 4_al 1 11 a viaAJ \^i^* ) JUljJ ^^^1 4_Ju! jJI 

4_jl wJ^-jJ I ijr ^ . *iU ti->VI BlldJI 4_Aj_3 Jya Ujlj t4 j j q In li t < 1 nlj^JI 

^^-1 i3dJ-^ J 1$ * (3^ Lr^l (J J) ^-"^ L-^ ^jLcj—i-u \ I 1 4->. j " n a l it& i.iJI 
^- tr> 1 n ^1 LI 7t ill J-^>-J OJL>-^ (*J-^3 tjj^UI a r Ajj ^*tll IjLit (JLq-jlII 

4_>^ll! La I tJjQjtJI jL>ol 4xlj^uj ^-Lc 1 j 1 1 n't 4ZbLiljl 4j^jJ1 JLC L_u3^ . jJil! ( 
4jjLuaL_u (J I jio I Ig'mTil ^, V V"( 1 <nj t^j^I 1 ^j'r < n QMJ^J ^ 3j^*^Jtj 4 m>^II 

ju>JI SLl^ 4j (jl^- Ojj ^IjJ 't'k (JLjl-wjJ ^cjj «fj^"<* (JLuaLuaJI J^LjJI 
(j^s ^j J t'M (jr* J—lAj La-^jl L*.^ i( jilll JjJo L - r l_C 4-cjIjJI Sjlj^l £yua 

4 Ac ^ t j 1 j ((j^JjJuLalt ^stJ jJoJJl f . • ' <JM->> ^j-<5 (J^jJi 4^al n" 1 1,\ 

^ Lk^i 1 31 4jV i^Vl j^jJI ^ J^_«JI i-J^I UK >^Li9 >^f -3>jj^ Ju>.Lj ^jf 

«4^3bJ Jl2 (yvUil JamJI t 4 ,*i JLlt j^jJL ^JlL^sIj 4 jrtnli 4-BL,.,U jjJlSj 



.(V _ <\ JSLA1I SLiilt l^a o^Jl>. ^1 4jpJi ^ {JT ^. 




^JL*_H ^ idjj.-jw duL£j oM-JLl J-ii ^LjJI j)j_2JI ^ LlJLl>ijI ^ 7c_^j^l 
^ j^j I m i m j (LliL^ tjl^-^L l£>^ u **-*'> * -*3 * 6 ^ " J 6^>-^i 

ij^jLtai_u ^^yS Cj I j) f <i H (jfic- JIi^Li j-^^ Q^ju*la-A ^ ^mj (jl^j . L-uu 1 ^->- 

^lA I jjdj . LljI t i J till jj-SJl dJLA ^Ltexi ^j^jj-a^I L^"-^J *ol^I<iJi 
(jo ^jtj."t-J 4juJL->J! 4 l c\ i^-v^l CjIj-LoJI JJlc <jt t— )Ul < ^ -v ^M 

< ?< t< a jJLo V * * / *\ * * jJLj ^LioJ <-3>j-o Jjul*j LaJt * j 3Ll3 cJJl V • 



4 j r 1 <Vi ( nVI 4— i tflVi O-JljLaj . CjI jJL3J1 dJL^J Laj^jx^j Jj Sj. j 

^ Cat V" ma JljJ V 4jI jt i( jLjijVl tfl^^ ^yltJI IjwLjo ji£Vl Cjlx.ljHi.VI 

*• * 

4 — uu, t jfl II £j — ^J-^J ^jJJLiijJt ^1— j* lifcVij 4_jLL*JI /ya I JU IjJ (]^Lj*jJJ,l 

i^j^l {y* . ^ji-t (jolj-cV oLlU jl JUaL ^1 o" <frVI <j*a 4_jSLJjjjLj_^ii 

j-iUall aI JLstluil JbljX-V JLiU^ (JljJL) (j^UI jljbaV! ukaJ jj <jV Jji* lIJUa 

dLJLl 4jvLjI_3 t 4_uj^Lt^V1 *>Li > 1 ] d i j M t ■ - ^ (j-* 4_i£. I j j ^IoIjjLV 

JJUl j»<\<\V ^ u f^t-^l Jl£j t 4_fll_*Jl CiLoLo-s-Jt JLjJUlJI IgJjJ u Um.^J1 

\ ) ]rt V La-^j «(j^.ai 1 nU jjjj^-uj <JJ j3 4_3l^jj j jj-t-u (j^a ^Lc-jJI U f 4 1 « 1 j 
t4a£.t nnll pi <t uU'fl qjh J>JUl ^ ^> Arr" « nl 4_uU! 4^1_LaJI C^j>\£ i^JiL-J! J ^ At< 
djLc 4_jj_aj-w3 ^j^u <J SLuaLx VLa_cl (jl VI i^juoiiii j-Loifj Jjj^JI 4x.llu3 JlLa 

i 4- ; j I ^L_»JLI JaLul : .d^-lj^ jLji-C. (jy 3 «Li-oL_itj^ ( sLjJj-stJi S^j^_>JI JjiiLLa (jy 5 K^-^JaVI i> a Jjt^jjl 



4 i mil fjlln ill ^1 « iJLt JL*T <_ y l^ <?LiXI CjI ^Luut j iVi ij 

t4^i j o tnll i nil .CjIjJloJI <?Ju4> ^LSuV 4^>JLua (j^J < i ojVl 

^j^-oSJI jLgj^H <?1 j oil jjLua_* JL>-j3V t^jjljji-j jljjtJl |Jj) < n Jfi-A 

V **i i ill i^gj—>> \ 4 j *•>»» lj ^LljI i i, i/l < sjr 3^ *OJ) J >J Cj Ij-aJ \j 4_L>o 

oL-JU J^JLl (>jr jLx3^jJ I i f *fc„i nil Cjl J_Jj3 ^UoJ (jl J "w^fl (J sit \ (JJ) <t \ i nil 

J I iJLiil J j u ii ^ — i-C t(J '"JJ-^yt Uj i ^ftJj . I a L_C 4-Lj^L> oL^l i ii I 

4-LjJ — a j j i (jlj ^1 <?l jJLl |J ail C «*>L£ 4_jjL/aj^JI j-j>J I 3l 13 

.^Almunecar <,. ,<UI 

Lb^xlil JjlI t3jj^>J| 4 i mi [^juje/jj i^LXI ^JaII CjI ^gm ill! (jjaLuU hUn«J 

*l >^>JI ^ dJliJI Qrpl i ii jll Sierra Nevada ^£11 ^ dLJLl JZu ^1 Ah 
Jx^. tfLfll Jill 3Lu9 l^i) L<u^ < Granada SQol^-c ^ Generalife cJljj^JI 4Jb*j 

4jJlL dial i ^Y0"\/_A^TA 41uj (jJjuVI i _ y -9 4jla\ <UjJ jj-u^J^J ((jjiiJ^ j2 <<^» jji-ljjt 4jjljtA 

cllTu l^^jua tajl^_>. (j,^- jJt (j^v^pl JUtl UgJjJ)Ly3 ^>J^I Ij^h?^ fijj-a- 5Ju jJLl 



Ja Jul <-n!l jJLinli (^yA JL>Ji 4 *j jUj jL»Vl Cul^j . IjL^jI j! 4xcLu-o <xSt t4 j« j iU 

^X^iua cA£ La j\J^\ q\ Jj .4_*Ljl}1 JLJLIj 4o^L>Ji CjLSLWJ Jj l^aljLa- uJ 

CjI^jS ul^ 1<J^Aj Cilj-uS J^Lv (jj<* jljuVI j^I^jJ LaJu£. J>- 4_A£.Ij_<jJJ 

*4.j< ii/^JI 4j^u^»Ji j^tjJU 4 imiiIIj 4jU3L>» *Ljm^jU3 IjjoI dloll jljbaj 

^ U-^i *£jL)-*^ J^J^ ^L_JLt ^j-^o (jic-l jJsj La lljLc. 4jjjJ,i cLol^ 1 tiUj JjI n d 

(j^-dJI iijutAi (jr^ .(jj-t^olj^l ^1^. dLJU jjjjj 1 ^1 -vL>. ju>.G CjjL^ L^jLb 

^ J^J j-^J ^yA (jL^ ^jMJLI J n il ti l 

4lj <;,>J1 CjIjj)^! i ]\ {ja Jo JuJ I {j£. fitful rtll CjJUo *4jjjJLl /yj ^j^>JLl Ji-i-ul j2j 
L4J ^jl^ 4_u jJU j-L4_x J^jI j^j 0^*3^^ UV>^J Juuj tijjjdl ^JS ^J->->^^ 

L^SjjJo 4jjJl U ^3 4 I 4 »"i -l « i U dUll jufc JL>u j! 1 J t.j tU , 4Jo^JtJj Jj CjIjIoJI 

jjua ^ 4JjLqj» jljUai Cj\^h uJLuk OjL£ .(^jH 4_>JLi-a J^j (jr ^_fl ifjljlt Jj 
Mons Solarium ^1 iUUjJ: ^It. JJoj ^1 5LiiLUI jU>Jj 4 1, J,,, ^k- 0^ (*) 

^ i > ** 

Julj ^jL^^t ^j^jvjoj (i^JiJt ijj-s*" : LuaJL>. Luj^c- Laj-uI 4_jJLi Ij^lUl ^ t 4jjj^j JHI 4j ■ 'j > ^ ■ tjLSj 

« j-*-u_>Jl ^V>ja» ^ « .. 4.1 ...Lull djufc ^ 5 g_a ^jk-i^ i Sierra Nevada o$-c± j] ( 5_t_a ^ 4_*^ ^illj 
.j* "->^ j'i-^ El Generalife ((LJajj^t 4Jjv» a^Aj^L p3L*.& ^5 * 4l>J! |<uul jl" ^^JLi q^^ILlj 



4_j£,LiLxuo^i CjIj-LoJIj t^hnHr h er^J i ^HW JJU ^ Elche tj^Jl (j^J it_j^Jtl.b 

.iaJ&Il <?LaO Y* ♦ * L#j jl^jj jlf> i^J^Lill >^UJ! u>^ ^ ^! 

(jr^ Lh-^ li>^ er*^-^^^ J »N O- 43 t^J^M 4-AJj^1 <jj^-oJi jjL! ^-uj^j ^lj^_jJiJi 
Ji£ 1 4 ,, , ^ 4^1 ^Jl oUL£J)fl oJLA Jl^I JL*^ 

4JaLf u,c <ji jlxjlj i^AlT ^1 Lt-^jLli jjjto j^ju t^jlj j i*s jjLus^jv (jJU^fl . 1 ^jlr 

(jl (jja ^£.jJL^ • i£Jki^]l ^yzt-A a a (JiLi-ut CxjL^j i^jLuaxaJI JaiJl 

(L«b>>.a) Uj^JI JJuLLa £%J1 ^tjl^^f Vj iJSLUI ^jji^ jJLjj^L^^^J! IIa 
l_ll_>.| j \S3~^ iJ^j-uj-jIi 4^ jJLfl 1 , YO (JjlaJ LjjI— >* j nif 4 « 1 hi ^^.a LjjSLaj 

t^j^-LaJI c r uj_«j^JJ 4,j n ,ir^*i !L ^j-^Lv ( ^j^JI 1 jufc .4j^jIj 4-flLtJ 4 U 1 fit^j LL>-jL>.j 
jj>.L>JI jij->Jl jjC 4j Jj-alu (^jJI ( _ps^>JI t— ol^w 4jjI ^_>- JLv! ^j-^Mj^ 

Q^jujIj ^uLw 4J j-i^Vl (jis^JI 1 Ju4> .3juil2JI jll4l tfJUL ^Lajjl (jr JLl 4 U Mil 
4_u_u 4>slcj ^yJJ 4^Lu»VL (LckjLxj lli^-^ (j^j JlI^ 4-^j!j 4joL£.JU J^j^i 4 H^^* 
.jlj-ol 4_uL»j ^yll^jv ^J^i (^j-^Jt ljUb (3^C- J-uoj^ *S-^^ i£ J^J-a Lr^ ^JO^" 
(jjJaB Juab j t <^>^l ^jlaj^JI 

4_pxa-j>y! 4 <Uj 3i U«U SjLuiSJI Jj^j 4j^_3e_>JI f-Li-Jl 3jL« Cxil£^ . jJLa TV , i (^jLuU 
5jj^_iiaJL) (jl^ ^^Ij-ilVt j_A JL>.f (jL jLaj-cVi Uj (^3jJ VI ^t/ij 4 n„jn >JI 

LULL 



«4_i__ 



JJI oLdl _L_.L__i» 4__b__T 

^-uu_l __JL_; 4-j£Ljj jfltl <L_uJu^]t ^yS jll<Jlij j, m"t>JU 



^So -_-L.-_->JI ^ i _ r _)__Jl ijjj] ^j-^Jb ^.L-Jj-jaa 4_Lj-_- 



O ^ ' ^ * 1 « 4_u ! Jul I ^j^u^Jij 4-jjI Inl mil (Jl <t r^U (j£jl_>Ji ^ «1 <T» 

c<,m Claude Cahen otiaL£ ji^K fj— (j;jJJ 1 \ >.m.^ ii^JUIj 



t^J JjaLJuj j^>-« O^J-C- : ^>^H ^1 ^ "» a m j «(j-^l>II 

*<-jV^tn 1 n^fl O Lolas* 1 mL 4-uaL>. Vl_4£.l Qj^-i.l ^1 i ^j^-uJI lJljulo 

^yuo >» Ju9j . « i j r ^> Ij V I <L>.1 1 <t a» jjfe « 4__>. Lu-u-fl )) 4 <iK ^Lsl-a JL>*t t ^LjJI 

( _ r 3 L^aL\V,"i < ill J^j-Ldj CjWI ^j^l Cj^ (il ^ I (ji ^jjj t jjo cltL>.l mil 

. m U Cjljl/aC 




6^>LujoJI 




JLS «^jL>Jl <— jLlS")) (j 3 L^_<Luo^ (jyjJI 4jj i (till CjVT Jji (J^JtJtj 

<jLb tVjt CjIjjV! dJUb \ m^i^ > 1 jij . La li^j 4ia-3LauA 4_£^j>. ^ 4jjLxjJI 

Uj^L ^U! ,j>J-Vl oLdSJUIj, oWi ^ ^ LuiSUL 

.AjJulSlM J^loVI oJlA ^yJj ijl mi ill 
l^llxl>. N j i ^ Q^Suj CxjIS^ tftjjl^ j 11)) ^ i nki 4-xj>~1 i ri a 3l_il ^Jjl cJ^i^c 

^j&j^o Jaifc. jlf 4*< m tfi 4 t j J»j_4JlII < U i oj JUC ^JtL i^jlj-Jl! ^julij^o^ ^jL_uL 
dJlLa 3jLuC 4jjLjJI -p-^ • JSLjJI) 4-SLx J< uii I $ j *^Jo ^LS^ i cr tjU l) 

*j j i^t rttl 4_jlLu9 J)j U"i <— fllU^- 4j tjjtal-mli ^gjl i n **< a ^ t , A V jl j^jJULj* 

(jr ^fl I fl o <» t jr* Lft^J t((4 nrt ril l)) ^ <a i im fl 

. LgAj^o ^J] i V (t h <- < a> L&ji^a Juc JLv >4 nj i n 4Jj^1d 4jj^j I 3jL±£. 



^Ijjv 4_JjJb Jaai. JL>-Jj OjjjJtil ulhi^ '(jrl?^ 4_WL> 4j>i-ul]l *i 

J mi, J ije-uiii ( Jjls (jr Lc j.j-i.ijjj 4_jjLjJi <L^4jLoJ1j tUj fVlt c-3jJLiJl 

IjUfc J-3r. <.oj -iff" oM rtll £jrl_) Jj^ill cA*-^^ CrV j^-iUl 

. ^. Lull iUx tjj^ cr^" (j-^L*^*-*^^ jl ^^J^^ cr^^*^^ ijjl i.n <a CjLu^Laitj'^ij 
^i j ,^**! trtLj 4,^.^1 i.nU 4jj) < <i " H 4-jJLi-C. ^lj k ->.i Lai 

(— fli^Iaj ^1 mi <t j ^ 4 j 1.0 rtll ^1 JuseJLojuL) 4jj),. < alii 4_j-_4-uJJLj 

4 <:La L^j 4ju>o oJij (J>-j ^ i^^UJji^jj-sJi ^CUjL2]1 4jj_u^1 

j^-S i-Aj </i.t jj) ^UL) S.ij^iJI (JJLj t4j^jj^M Jux. (»i>j_uaJl jt ^UStl ryz 

. 4jt-tti>3 c_ijiLaJLi j^paj^l ^j^a v jo-J ! 4jL^j ^To*. 4jj^ <,iu.!1 4jl^.r 

w^Lusi) -.M^iiiJI i?LJLl JoLij|» 4jLi5 ^ (jj*. j^Jt gl <„ij tChainman <<2LLuLJI J^j» t-aJJII aU^i (*) 



6w»LujjqJI 



Jjuv 4_j! 1 JUL Ua5 i^L^JI t_jL& ^ t l> U CaLu MjU_4 J-uJjVl <j*lajjUU 



' - ^" _ 4 t i^rtti JlLa „ tgJJ tuLaJLs ^ i <"i 1 1 < iii^ij L^J^io (jL^a, 1 4 i i^rttl 



Cftyo u^ilj a^Kji 

. 4_jl-ju^2lJ I 4_JLx 4.t i "l.l \ 1 ^ < m ^ 4_gj^ Ir> 1 L ^t..miU 4jl <ir ^j^* ^CJ . Lcljj 
^j^SLjjj . 4 i. < ,n 1 1 ^ 1 J- V i ((L 4-jj) > n "U ( JjJl±^ (jjjLtl !^_J.i ^ jLJr < « \ JL^^ 

jt ti^-^ ^ 'j. 1 0^-* lt'*" O^-* 1 - 1 3 JUj3 jl v Afl is^jLA :3LiaJt cLij'^ jj^^iaj^l 03-3" j^ 1 l ^ JJOt ^ 
L^loa . . . JioliJI ■ ■•^(\]\ i\ u-cLuaJl ^1 £L>._)^ S jL.-TtTJ,! : 1 <j (.^ t^jjjl^ILi till j filc^ 

j^SLj u:r j_v <jL«-aJ J^iajj t jjjujL>- *&*ts^\ g7 j t~u jjf j^-c ^j-a jjSo L<3 t arvl t^jl^j <^11 i or J . a-" i j ^ji 



SLuoUUwUI 6 j Lied I ^0 £w VigHg (09UJI 



^L&j 4j^ i t\~t\\ 4 A * c (J_ju3 . Joj j -^H L*^j (J-t-tfs^j U t i L i, (j^JL^^J 

u rt 4 .i "ill ^jlj j ,d l_S>L*j JjLcj dljVl OJLA <jt jc-Jol^JI (j^aj . ^*^Ui 

j^JLuJt 4-a JLa-~i t <>j ^ jJi <iujJL>Jt 

. 4 rtlfv ^JsL-iZuj 4 * jt"i i ^jJo ciLui ^Lj Lg-it VI *4 -X jj J ,t ^ mlt 
4_JLILj j^oVl (Jjt^tj ^yj\ j rtll * , a. y ^jSi ^tO_^_j ^ru 4-3 1 miU C< j i "1 

. 4-^1 t n"»Jl CjljlgtTi <^tjL>.l jft-uoJ L^ouui ^ILoLiail ^ m" < »tl 

VI L^Bj^x (jjiJ ~ ^L>-j Cjjfj JLS^jt L^j <Ldj^Joil aju& L5 ^v^SLll < n Lrftj (*) 

4j^is i.U-j > ■ ,1a i uj ,^3 1 ^ "i U .-fc- iV^lo I Ac ^jtjJl JfikiJI JLJw ^J] ji^SLi cLa L^_jj3 Ci.1«_>- t L^j 

Jcl^JI £ji i^jSjJ^ ^jJt tUi OJL>-j ^jLa itiJLl C<a,r.^>j La (jjrl-C (tM rtH 4jJJuaj tLctjj jijp^lj 

j-A jjl^l a^La jJl *— JL>Jt jjl^ i4j^jjV! (jja i_*jL>. ^ *Ut jjLli I jij 4^LLoL*J1>j ^LlSULa il^oic ^jljJi 



6t>lwugJI 

if 

ajufe ^ydj . LaLoj 4 j nftt 4-je_j-ojuaJ I jj5v"iJ JJutfi <trn >■ jjU n ^jSj-a 

L^J^la JUJUv (jjiLstj ^ 3 1 « nl i [t>CUjLaJl (j^] J .V p < «j 4JL>Jl 

<JL<jI£ JL&j .^jjiajLij l^i^n vi Jx^j^J Qj -L.it ^ jj 4JLuaj 

^yiii s^J>^ , v ^ r ^jV,,?< ml LajJa 11 Jjt^; Gunters chain jjSu^>- 4UJm 

(JljLcuJ 4juj-A (Jjju^iLuj j ,nif Jf> (J\ jJfc J^iaJI jLuo*! (.in nil tjL^J 

in rt"Tij ^Ualll I jla jtS 1 ^-*3^ cdliA cf°j 1 1 j Acre \^S] 

(*) - 

. 4oj1 i u~*\\ CjI jlo.tll Jj^.mm! (j^JjiLxA Ljl£ 1 o aM^S t^yj^^U ^ m«ntl 

t4. 1 1 <Ai JjoLc 4 U i iil^j jju>JLl ^jLSm iJ7 ^ <-« r<1j t ujl < .<**( ^ 1 o i n ^ cry-^ 

(JjL^tJ L^JLtf . 1 t mi ^"1 "k ^yj Jilo JijJlu (J^j L&jj£^_4 jlLc < r (3^ ,1> JJ 
<jrp-*jUiI1 ^JL>.J 4-JLc ^ 4liiJi.nJI L-S^la jn<i^j (jl 4l ml i.n \\ JU r JUx5 

** ^ tf" 

1 a 1 ii .ft I o >n ft 4^jLa]I tjAc 4 1 1 nl < nil c^jJo ^j^rt/^. JJ^J • [jn i 4 > 

Cy Lc j_jJoJLj oLqMjJI 0JUt ♦ 4^,j<i irMl LT ic SjiaUJll ClLoM-nJl JJL>oj 

Cj!jJo_>J1 ^Lui ^jj t[4 *ir j J-a-juiVl Jai>JiJ J^J-& <J*° JL>-tj c ol> 

4^uji jjti j| ^-*J>a 5JjLj iAi * ^$jLjij ..u-a ^pajVt (j^a ^.U,,.t L ^Ll^ji Acre j-^^t (*) 



<Lu>UujUI 6 jUoaJI ^9 Sm V1QII9 (09IAJI 

j^>*VI c-uL>Jt (jr^- JuJUtil 2LqjL13I £-A \ <g < a h~\ 

♦ 4-j J I .iclLo a! 1 I 

jijuLa CjUI^JLLI ^j_i^>JI £j_*_>JLl 
t 4^i l».U J Lax. I jL>JJ ^Js £j >-^V i Cr lx ,1 j<b J£j CjJulL^ JuS 4_oj > LJI 

4Jljjl^I Jjj-LJl Luj-^ ^ j£U 2LJLUI 4jj) ,,,."H 3bi 

^j^a 4-Cj f < ^ a SjjJUa 4_ju^j0 4-sr j<i t<*> ^yi Q^SuG C-uL£j t4^i ar.i nX\ 

^yic (j^Lst-lJi (jjfl 4j j_ju I A "^T) * Vj.*Lt .a 1 t 7n Vjt>j£j~c, (JT ^ 4j> j <^H « ^ 
i i Jl>- (3^ju3 1 ^rtj^->oj 1 j 1 mi 1 1 i ft is\ \j j i 1I1 L^J^Jo tg.lj"( 1 oVIj <Lal n" < nVl 4jLc 
■ ^* ' "J 4-j -j- ^ i a -LA L-t£j3 .4 > j n ji In 3 ^]_)^o !M J^Jot 1 ^tj) In ^j^SLj a 

d^L^XjC 4 *< j g ^ t ^ < rt " ! I (jr B 4jj_9tJ JU ^LLoxjj^ ^ < 4 rol^J 4_jr j ti < 1 1 

tiJJj jljlj CjJuci *(4_^^Lcj 4 nl -v. 1 ^ j *3 3 jj_C I <i A Ju>- < 4_jI_£j JulC 

4jLc ^^ic (jJ^J t4-jj, < 1 1 1 ~i 1 1 (jij—j-a ^jjLt Ttt 4„j > mi "Gallows" « 4 rtini.a » 

JLjusIjJI t j-SLa-jJ (jV Lcj ijl j mi? 4_xjj I ^Jlj.*. L^J^Joj 4 al n " < 1 



Uii-jt (*) 



6^>LuuaJI 



jijSj La Jun i4_i->3jLA (jr k: LluJL*. * Jl_udjJ| J^L>- ^tVilt (^L^jJU* 



(*) 





<^>j5JLJ .iLvjJLo 4_<uL2^ Ju-aj :i _ \* JSLuJt 



jLuful 4 1 L^Jjla 4j^3 4_j_Ju>. 4xufe (jji^- 3j^ij0 4_>»jJu) Cdtlio 

.< nil Cf-g-i.ri£ ^jj i2L*jLaI1 ly^jb (jt-A <J£ -> <r ^ SjukIj 4 trip) J^lcu 4_JL>> 

d ->■ I ,T , ^ J! ,-,glr I jl 



<^k. t^>>j] jjuajiJ 4-«>Lc 4jI!Uj ojSLJ ^LuUJI J^L (^lc. 3Y)j>U JjI£ (j-ii^ ) 

gjjjii ^Jx. Solatia j-rijll e^jl^- uM- Ji?^' J-^ 

,„j ^1 Mill ^Jb oJJb (j\ <- * I^JLa * (^l^v jl t^l^Vl (^yk. gjjj 
lLu_>JI Juu ^ jJI j j-LJLl Jlj_> oj^j tj;>i*Vtj '[o^^' ^ o "»1 La^ 4 mi Jt ill 




^j_uL_i-iil o\-^ a ' 'Lfr^J? " *^ %J^* '"'J J^xj>Jtj 4_^jjJLl 4_<uL_diJlj 
JL^L 4j.t o^J--^ *(°-^ * ) J< '"II e^! ISIm ,,,t jL*jb 4 ft ^jiLcJ filial!! 

aJuaLa ^ nil a ^ J Kit ^ ^1 mil 4jU r 4jIju 



« ». ********* *™ ** 

,^ ,u . aj i jt 4 a 0-^*->- J-**^ ^ * t ioisuyi 

J jU *E 3JaJiill JlLc *^4_^->. (jJl 4J_jLa 4_Ii1*_jo 3 t j et 

. B 3_La-SxJLi ( Ju-uajJl) u^J^-JuaoJt 4 J^jj! y&jj*^ t AS <-Lij>JL> 4_ju_u 

4 3-*jUJI £-jjJlS ^ A LjLJI (2Lo>UJI) S ^jIjJI v>>^ £L**ll jJaJb jljju^ 

<^ 4-j_ljJLI 4-AjLoJI <jjO JajjjVI <_-uL>JI ^yJ! liJj ->"m t4_jjjj^1 4j^tj Jjsr i iHj 

£_U»JJ ^-?CJ>Ji Jol rt I n] (4-ijlj 5j_>3 1 J fl q 1 Jo_LJ>JLj >,£,L M <UJ t4 Ml A t £-3 J-U 

, K Ju£. 3jj_xjVl j-S^-jo t Y 4 l^in <!l jLLc ^^jVL ^claj^j ^X>- «4 rtfMitl)) 

J? 

(^Jl 3_*jLUI J^J© JijJJLl j-^jl! 3i t „i,,.TI J*U. ciij^tj . JjVl 1^.111 

i nj . D JlLc VI cr^ 6 k ^J-*^ (j^ £^" OJ "^ 4_JI jt tin q\ 

AD Jj^-aJI l£ 3^ 1 "J *EH ^1 t^*fU^ll ^j),„7t < ntl <_a^LlLvl <jt t >r Lc 4_La^_J! 

^1 ciUj ^ (j^jVl (4^\ ,n rt) ^vjiJI l^rii^j 4_Jllll Aiu^Lil 

4 t jjhj ciJlii^ -jXj ^oJ 4jt I Jul 1 oj^ t4J|jjL>J1 mil ui*»ti ^.tV) i,d*i 

(jl^SLj 5 Aj A 3jL^lj J 1 4_>.jJl11 4_o_jLSJI . o^Lc I 4_>>1 t^ijl 

^yfl 4 7i\*[\ 4^_jjLuaJI) ^jlj-JLl J^j-jo (jyi JulxII^ (j^jVl oyi_3 L^3^J-^ JulJI 
^lr. 1 j ^ ^1 1 4jJj^Jj L-uj-juaJ 4_»j_uil jjuojj 4jij.uj.rJ I frlj^-Vj .(^lajVlj ^4 j mi t \ 
4^L_u-« ^jjo 4_>.j jj,! 4 <tM.fltl (jJJ L^J5^->. Qja j \r\ t4 ^j<7 <^>H jl U^il Jlv I J^l=> 

JljSLj (j^-J ^LjJ t_-t3.l_JtJ ^jij^JLl Jj^-J (J.O 1 1 1 J j /j < n **<Tj) .^15^0^1 jJl^ 3jLXJU 
j-A 4-*jLoJ1 Cy k: Sj^jlt 4_^>LjlJ! SjjIj Ca^jUsu IjI .(^j^cj La J^l 4jjujG 

4.1^1 JMi. jjaJLJI 3Urt'i <."..t^>j I jij .j^^l ^.k. LubjL^V ^ ^jVl 

^LijjV Llol j n g ^j^SLj ljufe ^jl_3 4_*jLdJi 4jalX! 4_*MjlJI ji>^ t_-u_^a^xlli 

^ n^v-tl b (j n^tllj *4jvjjJ,l 4^jLoJI (J^Liut) ^ua^ja 3 rt i mi 1 1 (J-flj-ul) ^judjjQ 

3Jijju>JI cjL^Micu-oMJ LlxUj .3j^HI 3_a}LjlI! c^>J jjoJJI 3U^*i ^23 La^ ?r. 



«4JVI ^Lajjlw j! Line of collimation « ^ * — Jao-» 4_Lj^_L> u b 

(JI^ajjk uflMl^l jlw^j V .Levelling 4_p-L^JLl 4j^aH Height of instrument 

1 <i "Kg iRise and fall rr ViVlj £L_ijjVI» 4_Sj^Uj 4_5j^LJ1 oi^t &u 

i^jLuX\ Jixi- ^ji^, 3 jj-i^LlI oUtjJiJl Jj-">r < uTl <_ =r J3 jLjJuiJi JjjjSJlIJI A <Tr.*J 

^Lai&jVi jf ^LajjVI JLjJ^tlJ ^Lj9j}U ^j^y>J\ £j-4^>d\ 4j1 fl.iU ^ JljxJj 

<j( 4 (Sk.< 1 4 m <1 1 ^1 1 aX\ (jVj iJLiJ-JsJI 4 1 4 1 1 \ r nil (j^. ^ ' * **' < »" L^-»V L^LdjLui 

jJaill 4»La_2u £J^->* (J^-** lt^J * J ^ L-j-j^-i^xll 4 1 > uLtXI ^LbLuJI! jLTcaj 
jJLc L^-uj 4_cjLoJI l. <r»»Lu3 ^ > 4J9I , (lII < 4_4jLoil ^j^, 4 <rtnV )at jl 

< j r s l_oJJJLI jl^Jjj . (jy AlSJI c.t-H) ^"ill i \ < r (j nSCtlL ^jjuSLjlIIj i^^^LaVI L- r uj).<*V*J I 
j^->"it 4_1udVI 4jI juJ! aUc}\ 4-tii>J! 4jj) ,,."11 (^f .Checking back « 0< -?j^tl 

ijL-j-iit 3 ; , ni r 1 jtj U 4_^jjJLl 4_^jL-3JI 4jI_o L^J^lo (J7 lJI 4linl ( ( t,JI 

.4j^_jjV1 (JjO-jujI C-cjJLa (3J-3j ^jJL*-ja (j-* jJj^Jo tilJlLo (j-C- ^J)LjuC 
^j^j 4-j^-Tut.u..-Q t^pajl 4 t v-laj 4jtj <1<^TI ^jjJlIIj » ^Lu.cuJI ^UailJ Laiij 

^ ^ ^ I ^j"' ■ ^ ijy j3 4_cjLd]|^ |^4-j> jn ir^H (JjflL^-J 4 rttMiti ^ya dJLcL^ Lb JUC 
C it <>>j >,tt L^-^a . 4-jjLi£. 3jl>-1^ 4 1 1 n\ i o J^is jIjlLcj 1 o ^ n i <tbLjJLlj i Jl>.1j 
jJojJl L_4j^_uaj 4j^jj! j^j^a i£$" LJ " a ' r 4->.ji JlII <UjU1I cj-^- '^^-^ 

4__4j1 SJI J^la < flirti ^j-jQ j <f^ ^1 ^4 ^- j (•> H JjaL>.J 4 ItimiU (jt (jy-Ii Ij-!^ 



6c>LujuoJI 



. ("\-^ * JSLjiil jJiul) ^jjjG ^Lu^i jJaUUL S-»jA.^t 1 




j-jtUI (jyl^- <tTsM V "i inL £u3>^] ^ «"U ^jj j ""^ <— 

J-^fc-> ^jlj-J-H 4jj_u1 Cu j) < n t^l « d.l< nil J[^ia_J <Lal in a I n w ' "fj 

3jl_^Ls) O'J-^ 1 O^ 4 ^L^3jI jl.t n o ljufc (^Jacl jJ&l ^inl (^jljil lLJJI 

v „ ^ jsljJI) .a^jjai susuii (sj^is) (jaLaJi a jt slslui 



j-J(JJLl Iji Lol . j^lLajiill jrU i n U ^^J3 j^JiU j-tiLua (j^UjS Ij-Aj i j-uiJJ,l 

£_jU3J_« L p>l <1 V l| J_lL)JL) lj_A> (jL^ ijjj^l JC_La_dJ (^jljJJ lLx>JI f^yji 

CjUtjJoli i^tl £^-qjkXI (Jjl^L>- (JJ^f i^^Lj j-juaj^a (J— ^ oL)^^ 

C-ltj rt XV ^ JL_C i^j > ii U (jl .IP 3j-_JjLjL-d J "l 4_oj1 Mill 

♦SLojLiiji ^\£. ^jjjuJ! ^1 .i>^( ^Lajl S^ljJa ^>->3 ^jSLo-lij V jus t(c_j^£LwJj) 

4 I uiImJI <J-oL>. cd^-^j < 4 j n<M j-LaJ-JI l-xj^o-ou t4. ajL-Miil 4_2j^_LaJi 

4 \ oil r till t_t^Lu3 ^ylc jLmC^I Lot t^jj^a! Juv I dJLui jjJLtC . 4 i \ ajiaj 
JaflLstJ o' c^ 9 ^-uLmJI JjsL>* L7 k. I JLcIjljo <4_^jJl11 4^uLdJI ^1 S^a J£ ^ 




6^>LujuoJI 



4 n > ,o La ^ju (jy-lc- *4_uil ttrnol 3 lid ■ " * ^bj i n" L$-La tSjLj JLC (^^ij^c. I 

La 4_5j^Is Bjj^lo (-*JUa cJL£ tudJi ^jJJ 4_3Lu3^L> .(JjL-JI Jin All ^ 

LT-^^J^*" i£-jL-dt J_Jjt L^JtlaAAJ 4_J^lj ^Ij^. l^J^L (4jU^_* I ^ i mi^ 

jJbJLlI 4^>>1 mo t < , ( mi >. 3 tU>^ \jbj-£j-A ,,\ <r L jj^ r <"«j 5j * ^-jj—a A 

Con* jubj * I Jj. 4.C (j.<i 1 inj i4jjj^c. 3j-a-ux<Lll 4-juaiisJI I a in SLloJI 4j/^>jl 

< ^ 1 <fi JUii fj^l (jyJI ^ JLjj (Jiij J j - q - j Jl ^yicl l^JLc-J i La^£j_^ JUC 4 J ui 

■ 1 • *} 1 ^ ^ 4_Lxifc^«Ji (_yic L<4jL3 J|^_4JlJ1 4^3*1^ cLx*JJ^ ' ^ ^Q_UJJ^ l4_JL_(21l 

^LoJ^jI ^j^a J^laJU 5^uIiLj->j fj^J^S " lj " ' " 1 j " ^ fi^tl ^ Jl_oj jl^ 0**' ' "1 £-*J 

4 j M i l l (j^a 4_g.j f m o t-u^-uaj ^jj^ul SjLjlX. ^4-^ 4»ajLi!l 4JVI L atj 
^JL^-I JlJI LbjJadj t Lu^_a3 j 1 1 nil < n nVij j 1 mi L^J^lo t[j a ir>^l ^j..t —'.tl^ 
. JUJU>J1 4 n j^J 4 1 ml 1 djt 3jj^j4 ^ L^-l^jJo J^ cr^J J p Ji '^ ^1 

r » I (j-d JL^Lail ^j^v «^ j iiiv ^ rtj,,ul ^.9 4*im a Lft^a ^jl"l t filmll Jj^jj 

^ ft 

lJlusuj ^J- 5 <Jj^i 3tiSll *j^>» j-iLvj t L4II «t *"i 1 ui (Ju^ L^jjj^Ijj 4jj_u^I 

.^j-S-Bt LajjJLj Ct^' CA^ft..^," J 4 mi Al M^J) " t 11 tt 

^-Uj) ino L^jIj" 1 11 1 j BLlaJI 4wttl "< 1 1 ui (jr lc 4Ja^L>JLI j A ^tl jtj ^ " . 

3LLSJI « m> 

JSiiju^j.jjl ii^j 3,i mi ^ diJLit4l» :4^i U«i^iJI *UI! isL:i» 4jL3S v i l y>.^SJI^Sj(*) 

V U5 ^ U£ <(l A _> •) JSUJi 

bfcJU.*. jjUt jUmVI Jij ^JUfcjusOli (^SUjJt t4_ju!^>Jt Jjz J>Ut Jj^^jfcJl j^a O^Lja JSuij 1 1 .pit 



(0 




O 




&J>LuuoJI 



II 4»L4! 

. \ 1. 1 ^-If (j-A I miU JU£. ^Jl ^ « " , ,.VI 4_*jLol 4 j"l jh l\\ i n U <J)>k> Cj-)L£ 

<j\ \ r\$<* ^jSLj ^Jj ,«£jLud1» ^ «i i d"i t4jj Mir ^^IjI *(j^>-l ^ij ^ < m <ij j^^lj 
fWJ C jl_£ LaJU£.j .^caVI C-ljL£ dj^lpl CjQ^IjlII <jV ifjJ*~( ,,,\ JU9 oLujil ^1 

9-A \_4 o\r^ i^Jjua *£-j^JU jLt!u_c1 ~ - 1 4_B 1 4_ljL3VI 4_^LoJLI 

l.n rx . 




OB 4^1 cu.ll j 4j-uL*3 c-tjltrtll ^ < .i^Jl j~4> BS <jl£ IjJ ,4jjJL>. obedLLjuax-i 

BS = OBtan(J) (T) 



00|. sin <j). sin 

BS= 

sin (<])-<h) 



jtn'^ij .4 jM'iU jijjJi (jjtjLe- ^1^*; ijj oLi , „ >ji 2l^l>ji t-jjteoi 

JL3j « (^A-^-^ Mill j»1 JLs&JLmV £j_us£j 1 * n m V * 4 1 *La V 1 dJLA 4_Lo CJJlJwt 



L^IbL^j ^yJJ Jj-j-ojJI <.< *.trti 4-nJafl jl j^j ^yzjJL jLfcjV 

j_A Ijjfc .4_>a^LmJ1j dl •■<>> j_jO (^rV ^L_aJLI ^>u^J t L^aic l-3jjuiJ1 (^l 



.^L_aJI j! *LJJ 4-LLSII 4_bLkJI ^ J\ J! 3j Um.U ^ tdlj^ ^Li3jV1 

((^Lxllt) 3 jUm.U 4-Jj j-j .Tuj ^jJI iJlaJI 4-ljuj ^ jjLudVI JJlc lILJj juu 

L^jo^U £jJj JyiAJ ^talo ^liiijl at-^jj 

.4jjLjJ,l ^LojjI ^^yk: Jjuaj>o JiaJI ^oj i°l0 jJLj ^,1^ JlusjJI J-^ljj 

° 1 JLlX. L yi\ j rttl ^ ^ <>> tc-ijIUU C^jJl °10 u<tl Jjuaj 

t ^iU^Jo jl JlJLo t-d-jualj t4jj-HI SjLcUSj 4 U rl ill tfj-A ^/U La ^juiB ^-J i4jjLlIt 

l^otls jioj V ^Ujji jl^f 

^ < i LajulI jJa V jt <% r jf 2bjL-Ld ^Lijjl -iLaEjV 

Jjtij La JlLa ^ ml-hJI 4_^-£ ij:r It>. S^Isu-uJLI cLJ^jv j C f tfC 1 o^t ciLl^Lo 

t4_Jj j L.un (^Ul (JJall 4 j 1 1 j ^ j-jLuoVt JJL£. ila^V *^>u ^LaJji ^Lj-oJ 
^yJI C^^jkj IjJ ^^^ojVI " ml <-«, iu.^j lJlL>JI ^UaVt c*] >-^«JJ 

^1 ^Lajjl jLjJijtlJ l^j.,nn'i 4_ujjJcJ1 ^LjI ( jSLcj JUL .^jVl Ju-ajJI SJLaij JU£. 



6c?UujoJI 



ojuu a j ^xo_>Jt £L£jl H JIcj ) * ) JiLAll ^ ^c-K 3 ^' iPl '" ?^ 
l^UI 4_aL«-ali m j J]__JI j-j>a jJL-_-> J^L p Y =) s j jl_-__>I^1_ jjsj-a Jjl ^ 

x + 1 i^jVl S*lj_S_l x j ,1^1 ^1 U^j^J 
H:a + m = S:(x+l) j H : a = S : x 

a = m x jH = ms 

.(Jj^^M jLajVL 4jjL_U X J S ^ Jf* l_B jL5tJ £^t_3£_l JLi>lj 

pig UJ^.4.jM%oL>l 

( *_3»j_ja JL>jj V? lJlcu) ^(^M-ljj^I ^JLaJI ^yjfi Mill 4 i i iiiTL 4 o c 

^aJI 4 Li_u.lt.aJ I jj| . ^.sjVI _l_l_>.l < n a (Jj-^c-k ")j ^j^Lj-oJI ^JjjtoL-U £u_ojj ^jIjj 

i_9^>_sJLl Gunter's chain jJ-j^ 4l Ml |,,).i L^Uj j-p.t" ^_Lo J_i 4jL$j 

4_j_jl__>jVI ci_>l_>>l i nil (jlj i j_u_ui j ^LL-_j (^yl-a ..<xll L^j ^j__Lj (jLfT j n\\ 

I jut a ♦ 4TuJl>JI jj m »tl ^-i. Lo_T LqLqj 1^ i u n'i 4_o^JaJL) C_jL_> 4 \ r n\ r ntL 
i^fl t4-jr t-^ i nil (jr jL__)lj , _^l ^1 4_ujix!L) 4_i___L>. tlJaLcJ jjj) ) n a 4_>>Lu-I,1 
« 4_>>LljuJL1 )) -J 1_>JI t J_u->Vl £j <i < ^ "< JJ tOljJLSfcjLa ^_3_<i-_C ^_JI 4_vLv JL_%.jj V iSj"*. 

JjbL-T (JL2ui (ji—tiij 4_4_^J,i olIa-x^vLlI j^* * t^jLx^o 4 t *i ^> Lo_^ j ' ^ 

^1 JL-> "1 1 nl (^.-i. JLj^jlII! i.fii (^jVl (^Lc 4Ja-_bL_JI c^I^-jl__JI f Lj-cL u_us.j \jX\ 
4_A^o_ali Ll>lj->-l ^-TlJI 4jL>1 (,a->- L«al . tj;r J___'ljVI <-_>!->■ L(.(lc u_>J 4_____tLi»- c__»Vj_jk-4 
L_L>- 4 cr ts>\c l_UjL_i L^JfxJj t 4_i__L_i 4jvjJu 4 nj^ij (jrd-^ (JK MiVl 4 nl't V >a l!_L>_L___1 
*4^L__J,I 4-W) < 4JL__uj 4jj)*i Mill 4j-uJ_-4_I {jjC (JjqjC c_j^1_> LafT 



i^w ^VVO-VOi mill ^LUI ^1 , »H 2L^LkJt 0^ 

<GljL>ut ^Jfcl (j Li JLaJj **\t Ul ,..t Xs -Ltj CiLjLstjJI 4^_xlj^aj 4_4£1jc«L»-l!u 
t Ju ^yjJI i«3jjjJLt 4JujJLl)> ^jujLj 3jj)^ Mill oljuu 3 JljJL>JI 4 <i i^L>JI ^Lu i^LJI 
ij»^_>Jij 3 I ni.tlj Ij^juua JJ? mill *j*V*\T 4JLdU L^uluuG (^yS (J-CJiJt 

j^uji) ((JjjljjJ! cr^ J) ^-^^W L^Jj-jljO <jL£ ♦ Jit-jJI Jilt l-aj in a 

^ <■ # ** 

JL>J * ifr^jj ' " a ^j-A LoJJ_* L£jjj9 1 g *< a £jj JSJ * «Lu Jill *LjU 

£.Lu ( <l4^ I mjt 4-JI JL^C i<LujJL! 



1-t.U < > 



# ' <• 

jljJLf CjLl^q-^ 4J^I_3. j J.." Vj jj mi II (jli Ljjj^dJj 1 JL>.|j LJq (J ^ ttl IjlA 
^cj t4jj <i ttlj (JUij of^JLl Cj\ i d(j iOj3^!l 4_Lal_ti icLLJI ^olil t Jl^ 

3"f r.u ^1 jj>. Disgorge LftjiLa j-^jlj 0^ < : 'jmlt (^1^ u^J 'Jj^W c^oj 

^L>j (juiLul j-4 L£jJt ^Llajjl ^1 (GjUAolaj VLwi - (JJj-iWI 4-ii-£>j Lo ^^JLl - jji^t HI t-w jjt ^15. (*) 
(jjaj tfjjj^ j^Liij j^iflitj CjLVjJt t. £yi 4_ilf Jj^j 1 <tj ^ j^-> ffl »M ^t t^> I jLs t4 "i_u (Ja) ^-a ^j-uia- 




*<V->linnH 



«m^1 ^ oU LAjj Jl « r t SjIjJ (j? 3-*> (^J^^lM) 4jLC>JI oJlA ^ 

. ^L^LseU ^ trt V Mill 
L,.«U <>» 

ljub I jl_o « cjIj fflli j ^ ^ cjLJLftx. Jlj-La jj_>.^?1j i_j 1 < n -»J 1 j (jjiL-j-^JI (^yja 
CxjLSLs ♦ cjLI 1 u "hTIj djLuiLxoJl j ,-t.uiLtl cjIjl^^JI lJijj *"u ^ < <■ £11 

J£ a4_L*£L_A ^jl^LX ^Ijj (^jLuxJJ i (( 4J* j t )) ^ a ( ill ->J I (jjiLjjS 3jL?»J 

* j ~i a \ , i i Lj7 S\ j) -w. JjL*j lJufej i4_ij| 4-jOi i n a (JT !L_>» J^kj ^LajjL L4JL4 

3 Jl>-J <j»>^jj 4 J^Ll! IjlA (j^s <j_*£La ^Ij J JSLI 4_jla£La jLLaI 4jM^ ^yJLo^-lj 

If 

jLoj-JI 4j_>-LL)I Limit) 1 JU^jj . li *SLo jJLa V * * ^->J 5JjLjl4 <(4J*jVl )) 
w^^lAjJI Jl n c » ^j_ol ljL-jSLM JL_j»-jJ*1 l^-^- (3^ kjj * JL — 

^jyJ-C ^j!b Ju^LcuJ ^l! I 4 jl 1 h « H 3j)3,IL> ^j^tlLcMJ V (djL^JLl ^^jJUe^a JI—^jcI I 
^>£jij — « 4_jfcjl "< a ^Jx. ^jjijjLd ^Jt Jj u t un <LIjlj Cj^} JL til 

LbjJL^I ^jt JJ—U (j^U a ^— j_j>Ji J^oLc 4_j_Jv.Ljjy p'jju .a 3jL£. CjJlxj 

4 <) jLiaI 4 t,< it\ ^Jljjs- j I t L_4^ 4_t_*£L4 (jlj-xjo ^J^i Cj^Ij j-A LaL\ <il 

Lcjj ^pajJLflj (jl ^ i j t\ (j-AJ iL-jbSLIl j-^Ju pJ J^LaJl I JlA (jSLI t^^oj^M 

.4jjLijlJ| 4jpJ1 (j>a 
j^JU . I Ju>- LJLc ^j-u-jJ 4JSL! ^j9j 4 j <t jLLo I 4, t 1 ii*j q \ JJLu Luj 

t 4jjUJl ^ 4-iL» y 1 4jpJI dJL? y yi 3j^i-Vl 3 > J5^J1 ^ cJJJJLI 

^^.L-oJl J^jjlLJ 5jl^3^ ^LxjiSLflj ^ , TO ciuJL>JI ^a^JI jl /ir 1 1 ; ;< « j 1 jjj 
V , Y (j^U-ju j n -sll Jl f <jj Lr Juu 1 jufcj ♦ 4 i Uj 4_jjJ3 j ^ ^ lt^ Manhour 

J-<i_xJL 4loji^ in a £i\i a ^ 4 aU <tJ I J-<j_«Jl lH^JUlo ^jl . Lca 4 1 i^l jJLo 4_cl_j_u 



Col. Gerald Napier j j.nU oil j— J_-u^J^SLU _>-jJl* U!) 5 t j ^ * A ^_lU_c. 
jukJI tjL^ <L^l_u c-jj 1UU Li n jtl 4_i_3 ^^13 ^aJl ,jl_Ul julIJ 1a. u * a • « , .. 

^j^JL^-^Ji I gin i m II 4jj^ A k-\ La ^jus^j ( jj_ J oj_aj j h -*\\ JLax, 

I Uj . .... i>i 

C-jlST jjju-oJI 4-oLal 4JLv . (>yjl (^.ic 

_)_a CjLq^ 4_L_ 1 L~fjj 3_>L C JjJu_ail dJu. (j£jJL3 (JluliCj > 4 n i 7i V « Cj\ JL >- gJ 

J^ljj < 1 *i t^r^J t<(^l < 11 ll» ^IjjJI CjIjl__vj_j (j-ui j ntl ~cjj tL.un ail 

4-4 j_>- (JjJ-> j-fc JLuJi ^L_jjl jLuf L 4JL>JI dJ-A ^ii ^-3t_>J I <_ < i.it Tfcjj ^Ij-Jli 

.3jL>.ljJI 4_dj_>d I ( t^^'r a f^yi <- rj>» 4 ^ 7" = U 



(Jo^-~ itu^ t\ \ "^-) Jo t ^ £ C-JJin^U (««J1 C_JJ^D 6^ 

jjl_c U» — jJ iJa ^x. ^>JI J2J2 a c? . 1 1 j I (jl 3a i 1 j ^ 

jl-uj : 9-<b LJ U tt,l JUU! . Y Ly l^. (j ^ o ■ » * '^-^J * ^ : ^ — c - 

1 A.j*->. U*j ^b- 3 y~ 4_cLi3jlj Li-b- 3 ^* 4 i>>j^ij Liljj 0* 4J^la 

, , Utjt ^ Y — ^-^^Js jJI Ul A c_j fu_J . [3 j»<« \ • * oj J — jfi 

1VU ^ (1) J^a^JLI j-jj^ JLc. 4 « , n S tLj iUAOV -^-jljL^Ii 

♦ 4-laSLo Lkljj VO • ^ >LJ^ j^l 4j>Ji 
VjU Jo iJT 3 3^_ujLxja p ^ tiaj (jl 4joLi_u_i_i ail ^JSLoj ^. jLvILj 

p-a L^Loj ^> ^ 1 » n I JLA> <j I V) .1 ^-Lc 4 i.h nil ^ Jo 1 ( _ T £ <^U 
4_i_^ ^ SjLuC Lrr ^ Ljj 1 -v- j J_S_3 «m£jL>JI c_jLj£» < (^1 tr\] 4.LUJLI LjljJJi 
i 4woL_C CjV^L* a ^3 j „j trn ^liL 1 j J LJs (J^Lj <j I <— t-a&j ^1 mi t,l (jb 

j^o ^ im nli Ijla ^ jl^P .4_joLt_I! 4JjL»JI ^tVi uijj j] Y ^j^- 
^ LaI^j cZjLj! 1 .1 f\ cjLl^I plj lr !j->Ua 

*^^JI Cj Lc <"i 

^j-A 4_ajMJI 4-J1 o « . t ! j <n ^yS ^jJI I JL_u ^-j^ m,JI i hji tlSJj ^j! i .1 -»Jj 

l-Jj 1 r\") <i -kII JLa-cJ ^jjlrtij />j jJI (j^L^-^Jlj j-^->J' Jl r 

jjj>J 4-^LuaJ JUl_> Jo ttl 4 nKl ^jJLg^vl m t 4_ljOj_iJI ^jfcjjj>-1 ijr fl cVjjfc 

t-j-uaill CjLo^->- 4 I mi tlL ./.0 4 1 1 rM ^Lq^VI 1 Jul> i rij 1 (jf o^*i-* 

( pj<iU p MifiTl L yu, \ 't$ a m^I) jflpn (jLSj . j-aj>JI 4ji i^r , t nr (j-c <0^*^ jt 

♦ f J^jfuji cJljJL£Lj ^Lq^vI /^o — - — 4 1 1 in (JjsJI 



i ^ ^ j < ju>. ^yJj 4 "ojljeJI 4_ij jJLI 4 Mij'f^tl CjL^jLc-^ ^<uj Ljo 



, .. T -.« III 



(jjo Q J^J '" J ♦ 3jl — "v- ^^fl ^ jjk I <i l"t a 
ukh^ CH^H" o' L>*UJU 

^jfci ^jjs 5jL3.ij ijfiit (^Lc! ^ jtt 2Lo-juaJI 



< a -i a — um ILl ^ '(ij"J ^ ^) 



» * \* / * 

4 i^Ynlt (jjjuu Lai 

^ j * ij^->.f ^>.ll«a lLJUaj . jjjLajJI Jl>.I ^^-3 ^Lv U, LJLlLo i<— 3j iV jl $y h 

. < r >jjl Lu-uTj olhfli W^j^J Ji.4 mij LuLj-uj (^yjs tUjL>.j 4 trinU 

CjLa-oSLj L>.J^-4-* ^^LuojJl j*L>- La l_LlLx. j idj-^aj Ja^xjJLl (^j-oLuojJI 

j^Lj (j^Lcfj Q^jhIj j <ri a 3 Lf-^f>-^i JLo-iij 4_tiSju»j LojLjuluJ * U_JL>Jt 

^ 1. 1 j 

^jLitJj 4jLc.j^j ^Loj^j ^jl" i ii j r n ^ys S^jjvjJLI Jjua i L^j-jIij u>-c LuLxj-uI 
4_t ^ j i U U udjJJI CjLcLiw jLc Lu^Hl jt Calamina llyi^L^ 4^J£ c^lU ! 

J^a-j>JI li J-M Q^JjVl ^>J^ JL_x_ui£t i(l£1jjJI CjLj^jj^ 4_o-oL>.) 

oUUJI 4^JL^ 4_ik, 

{j*^ iKala Vl^ ^-<-uLj <-\>ju t4jj_JU,l 3^j^>JI 4-ul (j^a J >^>nU 

.^^jLAJiU « Cy «iS» (jr^Ji ^ujVI *tU- 

iLui^x iLr A>L^yi ^JL«J1 ^Ucj? ^ jljju>J! cjLaLi. lluL^ 



lJljjJI^ (juillal JLu^. ^JtLaJLo JLjJU>JI (J^>- Sj^jxjAI ^xLlU cJU mi 
JUJL>Jt CjLoL>. ^jJLuajj 

4 1 1 ii 1 1 1 ) Ljjj_<-u c_jjJL>» ^^ja JoJu>Ji J[j_uaj>JI iSj-^r *■■*'.! ^ t^jJa^SijajJl] 

^ (j^J 'JLh^J LjJJ-^J j'^fl JljJU>JI ^jwLua ^ ^yiiil ^^LtuVI r<JLtJI 
(*^Lua CjJUxj Lq_£ ( JUJU>Jt ^jJJUlIiJ JsVl 4^<i 4_ajjI 

1 <i ( a ^jjUj^yi j-^j JL^j i Lul i r nl (jr fl (^jjjJJ ^ i ii J, > mil (J^J 

(J^Jj^a ( _ r fl J-aLc c-aJl (J-^JtJ <jL£ Cllv t4jloj^ (j-A (Jl o Mill ^yJl JjjjjJJ 

1 4 tl in £>j\ ilf Lj i 3jU JlC J^UjQ 4j>-Ljj1 (^jjju JLa_3 £c_l_U Lai 

tjl o mi ijj, V mMI ^ojJu 4 nhV^a J^LsLua Lt-uilj Ijl mm.) I 4_>-Lluj j-u^u \j 

CjjLSj . i_>j_L>J1 Lj 3 ?\j-2r i nil ^j-5tJ (jr l£. jJJLI ^o>-LJua CjJL>-j <±i j *w Lj_JijjJa| 
4Jl, \ j*i r rti ^UJ <.**M *w ^jl nr mil 4 rtt"Wfl uJjJL>JI ^Jl £e_LU {J <t "SJ (J^I^-flJI 

(jL^ tiUjL^ . JU-j>J!j JL>-^JI (>» u-flV^fl g-Ll>u JLi^.Vl o'sjt cujL^j tt.-cAjLJL 

. 4^vLoV 4-^4^0 j^Ij^qj jtLoU Mpj->-1 ^cj>.l_La (—JjjlII ^M-JJ LtLyojIj ^jLjjIjjx 

(jL£j * LxSjjJal jl o mi jLLa^I 4 -loj J j m a ^1 j i,l mj (jL^J ' "J djJuua-A 
(jl^ (i-ta^. t^l M i V jU ^yfl 4-3jjj»JLIj djjJiSUI m^>-VI (jjLaJll (jrU (j^* (j^j" mi 1 1 nVl 

^ "t- nil lJ&j—C \ a ^ . (jlj. j < 1.1 4 cjL all (j^u^Lllj (Jj^LlSJI Ja_j_4 4_Lo ^* 

i4_*_u ^ t 4JjJUu i£j-=*^> Cj\^> Ctt ^ 2bLc.j^ J!L<j ^j->* I jioLjja ^JLstlLuilj 
4-i MiflL Lol ,4 rtl^<fl 3jLo^ djLoj ^j^j -^L^JJ ((jlj^^U ij^Bj ^JLitlLtuJ (jl^ * 

.(j-ujflLiJl J mtill j m n JL^3 ^43 Lai J V*i i nl j J^jIljJI (jJI 

I e_>LL£» U j <j m>1 iS^SJI v-jjl^jj ^kl ^ 4-^U. 



j^LJi (jjjlju ^Jl£j *(cl> jJaLJI) ^jljjjSLJLj ISuiLjj— a-uj 4_>^iil jMj ^ " 

(j-a^JJl 4-c L'u o Cj^JfcJjIj m*>.Jij 4_ij^Jt]| 3jjj^>J| 4>j_ii (jLLwu^kJ! J 

. 4 Act \s> j 4-jJl 4> Mill Lxojj^f j < 

.4_i*JfcS/l 4jlJL jJ>Lxll u^*.} ^1 4 i-lmIILj 4_jvUJI 4 j 1 hi llaLS" (jru ml j ttlj 
ejJLl JL?cj V idiahaej* dUL*-* ^1 4_oo^LuuVl 4Jjjdl CijsXrt" LcJUC tSj^LLa tLiljuS 
jjbua 3JlC j! jJul_a j|j j" Mil (jlj ix>J^Li^y I (jljJLJI jj^a JLjJuJI ^LtlxV \jjuuuJu 

^j^Tl^XI cjLcL>J! (jl dll j > .xi 4.H 1 1 £)L£ Lcjjj . 4_^o^Li_uj J^LjLLo 

******* ' 

4jjd <j£j ^^Vl (j^n jllj *4flV>7r a ^jjLlaj 4j if oLsLi* 4jJlJ i*^ *^)VI 

. l-jjJlJI LuLa^iju^ j^uJi ^ ^Umi^JI LluiT (jJol-Lo 4j^L>>j i^jjLaJLL 

^^sLuo jJIj 4— uxJJtj « v fc ^jll ^xLLa ^jyic m^JLscj L-ul i Mil ^jL^j 
Cj l.ij mi (j\ JLAJ (j\J>^^^ ' l^f m^ OjJbJljlj jjjjULjjl 4jJLdJ Ct Jtitl'tl 4 JU JL>J!j 

, Visiogothic Period ^j^-u^JiJI j^is^iJI j ts>c ^ IjjjkjGj IjIjlscjI 

ij^L L-ol 1 1 nl JLdUX^jl Juu 4_usL>«j t^liaajLj 4 j j.A.lt tl ^«uljjJI Cj^I q r, t 'i m» 

4.1»aU ill jl Mi"*tVI ^JLO^J IjLA J-^io JUSJ ♦ 4 J MiLxjJI 4jJJ-Ulj-4_4VI 

jM_JI ^1 jJI j .<;LaJL>JI 4jj>1oI j i a\ 4. ^j^jJI ^wJLdVl ^ 4 j.i.AjJI 
JS^ mjj ^ylJI (3^^' u i AjJLj L&JLjj^j ^ LojIj JL, ^t„%J C-uL^ 4-LjaMj-uVI 

4_iixa]Li 4 j if ^jvLLo cLJLLa ^jl£^ 4_p*L> £yi ^^jLoj Jl*.u,n]1 (jVI 

jlj »*t Mfl ^AiC JL£.Lju<J 4 <r>*4 (J^jJl^O ^jylJi ^j^LtojJI C-tLaL>> jl 

t^jLiUjt^o- ^aifli (jr^ ^ <g <nlrS* a JL>.jjj t4 fltYua <^>i 4_taJa-ait ^ibljjjl m> 

. 4_Ja^ ^^lc 4j^I>JLI C.LaL>JL 4jif 



£)lf* IjLft J£ < 4_aL«JI cuLLlJIj *— jLjI^j Ojlii^lj t jl>-1_cJLI < ^ j <i < u" t j 

JjjLjVIj CjLM*II Jl^J i4_^uiL*Jj| ^IjVb 4juaL>JI Sj-AJjJU i^LLuaJJ L^ILsla 

I n jkr q\S (^jJI (_>-oL>. 4j>»jj (joLua jl\ ^i*! < <1U II £j£J i4_fl^L>JI 3LJjj 
4_>jL«J1 c_>LoLft-j>JI <_ r 3j i<— tljJLdJl ^ t*i /> ^JlscJLuu (jL£ dij -w tljux 

VjiLJLIj 4 4 , >1 ,X)M , «<.H Loj ,V f 1 LliiLS ^LSjVI 

Jf 

^jL^ 4JSLI i ( _ y jaiLtjuyi (Jtj t~n\\ jJuuajj Lpl j 1 ni ( _ y ja ^Uu q[£ (^jJI ^-j. > in n\\ 

^ Cornwall Jj>»jJ^J Devon oyui £yz <jS5LA,\ ^iLiJI Qj^SJl jla . .n 

(_^ajj-»3 J^SLJ t^jVl (j^fttJI 4_LflL^ CjI j <i£ t ^jSj JUJu>Jl c_ )Lijj) f fij 

^jji-Vi (jjLjlU jru (j^j .^^iLjjIj 4_t >,^l^ SjjL^JLI JjJlII 

^ ft 

t. < mij^JI ^-JjjJ ( _ y fl J^l£uJ1 ^ J,T j ^ f 1 Al^Ltl 4jjjJo1^ t a\ ' ~ ^**« La J iff J 

*4_AJLt-oJLt j-LuuJIj jjLuxJLJ ^Li* 4waj>UI (jjLjlH jiju-^J <-sLSjJ ^jLa 



^IriMijJI Qj^jJiJl <_yj9 4JjjJ1 <JL>J (jl^ iJL>Jl 3t jjlrn .2Lj_cuLljjJ1 CjUiIj-laJI 
(jfj i4_jjm ojjLua.* i-3 1 « Lr l»J jjuult £yC t-j^jJi .iljuol ^Ua ^t-j (>illx. 

,4jtLjjVl ^Llj^/ 4 <i r«r>La 4j>j^s JiLoj jj jl>JLj djIjuoJ j-Lq 

LfJJjj t 4j ifr.Ul ^jjIjJlII "At J 4_4)MJI l-cAJlII t'lM n.n; JjljJtll ^ 4U til ^jjus jaj 

CxjK jl i jft ,1miL*JI <:LaL>Jl jjjj C-OO Cilh ijy jJI ^oil^^/l ^ ^-LUt U-Jj-uaj < < m ri J 

fj\JL$j$il\ f j^>Jjt 4_jjJsj LiljL-tu ^j^a jt^iri" j-uLjJlII CajI^j .^JjLlU 
^luJ V 3^p_iiil till) ^ CjjI_C ^^LjlII (J-ilj ^-Luo ^2». .(jljjj tjylJ-Z- VJ-^J i3L>*-^ 

^LUI J J mi f , m£jL>JI (ji-JjJllI t^U MijJI JJ) in «ti J-JsJj1 (jjS LoLu 4 In" I 4 

lJlSjj Cjj! 4jvjJ ^1 t( jl£La J£ ^,-5 4juxttJI ^ya LiJliA ^U^^Ldl j. t~a£ 

(j-u (j-o-B . Sj^kllaJI aJugJ 4ia, "t-rr -a <^j1 i ml 3jL-C JL_>>jjj .4 j i ^ Ml ^&tjjJI ■ 'I ■ " 
(jj* i, t.AvjJI 3 j.j d)l j <i ^ ^ Ju ^jf 4j^LuoILbI ^ir. 4 j't >U CjLuoIjJL^VI 

/ya 3jj i^ CjLlaS^ jjJju^j Li^ujij ^1 1 nit ^ <yl i n,U jL?tlIi f-\j-ui 4jl <ir CjjJum\ 

j-Tctll (jjSlj (jl J^I>JLI Cy*^ * LbjLiH^I iSj^ ( - ^ * ^-"JL? lt^I 4j ^ Ml *jij^L*aJI 

^JLftjll 4_Jlq-C ^ ^yliUI jj inrtll 4_ae_tlj _ Ljuj^ J^^' m^Ic - L*iu Jl^ 4 />> Ml 
(Iru ((4jua-all (J^>-» (jrlc (J*-*JI (jl 4 fT -v (Jjt-oiLj (a? _i»ujjjyi j-£i Jl£j . 4 jU r .ijj^-dJl 
. CjLoL>JI j^juai |*jM-JI < ^ < mi->JI j^^>J 4_lLS e_}j_tC (in hi lJu^jj ^jux^-juluj Slj^k 
j ^ J^JLiiJI ^jj-aII 4jI JL» j-a 4jLb <4 Ml ijr 3 j-'fc-tJI i ml t jSa 1 o ^ aj 
lj * "T £ ft <^ ij ml) j maj Ljjj, i u j ^IjjfcJI 4 un iitl Cj^ L caJI <■"< MiC< *tl M^J^Ldl 
fjja (Jjlj/I < rt<^i(TI My-SjJ ♦ J JLjJ La QJ-^J *lU (jj-^>«-il_aJl 1 mj-^JI / jU < 'tjJI 

Cia i ^3 (jMJ t4 iri Ml (j-a Sj-i-^ lIj! j cIjj-^Ijj ^ J^LlII j mi r (^JliUI (jj-2JI 
LujjuIj JajjujVl ^-jJI ^jwLla ^yd \ q Ac J < rt tcj ^jISL^ Liijl i mil L^o5 «4 ts\ \ ^-j 
Ljjjlj Mi^aJI Lu-ut Cxjl^ ^ U i njJI jj m«TI j^>.|jl 4jI VI .^yLuju^ll 

j I JlSJ . Ljjj-l^j j,in<a <jr 5 4 i r>MI ^^^ajLloj L_)juuaJI CJ^Lse^a 4 <^>MI jJLuaj 

dljl j .Mill Ij^jlV". ml dlJUJLl <j\ 4jj.i^.U cj>Latlt c^jjL>Ji ^L-g K\\ JJbtlil 

. J^L>L<il tillj Sjjjj" mil ^JbljjJI dJL-uJ 



j j j^y *t l J Li I 4-x5^JiJl J>LJI ^ 3j-fl!jJLo ^LxJdl CjbtjUal CJlA£ 

^jjuLstULj 4 j <r ^>.LLa 3j)jL>JL! j^LJI (j^yj j^LJI £j_a> ^ya Oj*fl1j3 <- m-^- < mjJI 

La A-L-ujLstill 4j£:jVI Jy5 ~ij \f\ jl JlcI jjjj-aj Vj iSjolj CjLi^Lj <tjj_uL*_jJI Cj^LgjlH 
LjjlJli (JjjL*j jjjj 4_1jLa lIjI i> iTi J^jlJl ^yjj Ij-Lq->- JL3 SaJLvj 4_l5JlLl!I ^JLdJ jjSLj ^oJ 

Lai ♦ ljlii>ij^ LuULlj 4jjLua_Jlj l-Jj i nil ^jjO ^ nfl *j ^jJ jJI 4_u^i>iJI hjjjt 
l-jLoaJLj ^IjqjVI L^u^j^x JLC^jj 4-ul qUIIj 4j< nKtl CjUaLlju]! CiM£j t4 j-^-j i m pit 



Laj& CjLjJU_*J! ^jLcjj <Lqj ^jL^ i4ljjL>J! ^ > t*)ll 4 j > LT 5 Jl_>J1 ^^-4 Lq^ 
^mLljj] J^. t3>^aJI ^_£JL>-j ( _ T iIaLJi ^jjjULjJl Lo? . (jr 5tlaj_tJij (jr lIaLJl 

Cjr a_sV! j-a-ll I oiij i«^-ljJI)) ^±uL Ljj^j_u ^yja L^aj t a (jL^ ^J^jlx . 4_L)juti! 
IjSLftj .JaaJI 4Ui»^Lq ^>-LLo cl^j^j ^Fathoms li-L Yo* ^JL ^«JtUll ^ 

.[^^Ul] f-Li .4^Lb Fathom (*) 



«LboUuiUI SjUoaJI igB SniViQllg p9iaJ! 



l^lfli ^M^uVI ^UJI ^ 4^JU c^[£ jLiiVtj jLVi 

<^{j;jJI CjLjUlI jj^jVl C«>oj 4ocUiaju»Vf CjIjjlSJ! ^.Liul ijr ^ ^JlsclLuij CajL£ L^jI 
Lcbjt Cul5* I :< tj t 4 j < nlla <jI»jVl (j^H LoJLcc VI ^„H Vr < <n 4JLjJ&}| 

SjU jj.Wi ci^LS SUaJ jJI jL^I uij ^tJlb 2L^UJI ^jLI^I J^iU! 

4JjJLa ^jjJuOJ (( 4_i^L>» 4 < n < nj^a» L$J C<_jL£ ^l!! oilai uatl 

*4 i n £t\\ (jJL*jo ^1 Jij-t-a^Jt J^a! (jt-I^- t£>-C- fj-M ^-uIjj < rtj^ j-uojlj ij\ $ y n 
dJLA . ' ajfljjo (j-a 1 Jloj i^w 4 Wn »l 4 tiint Jj^JtJ! jLTc-wI ^jSLcjj 

tjl L^jLaiajl JLw ^ 4J>Ls 1 4.1 ♦ li^U JjjLlaJL ^L-bj jLojVl cJL£ 

(JojlJujJ ipLi-jJI 4X.Lu-o (^^J ^Lj-li j-j>J ^ji^jj isT 3 4-j-tLtlajuisVI ol^iSJI pLjluJ 
4 jJLJ! t-jjl^v JlxI (j^aj^l J^J^ Ji j*'"^ ! (J^ ^ L)"kftJ • 4JVI dJLA 

4,iaf>mi t$>>.Vl (jl n^rtll Lxial-iJ dJLu d^Jtj ^-Ifl^ij 4jn '^Vl ^1 >i>> a II IjiLv. 
^/u Lo <)^-L^ t-jIjJLj jJj 3.iLll ( J-L^r»o aIj »4j|ji C^ijJI Ljr ^ 4 j n i 

AIjILa CjLj^I^ 4ii>L_uj_i JLjkJI Lo^j Jajjj fjl in iiia 4jj i tjJi <iu ) 1 u Y0 j Y • 
. I JLiJoju 4_j^j>>j oVT ^ ■ ■ " t ^ J V" i.hj (jiS^ 4 Ijnlll CjVj_*j>JI Lot * 4j3j*Ld 
l-Aj£j Jjj (^1^ t JLailVl ^ ^LlVlihMJ >u L^£.^ji-I (J ^A\ oWI 

jjj i aIUA^ 4_iu£>Lit_j^ i^jjJUuil 1^1 jV" 1 fil ^>Sw<u (jL£ 4 j-)L-uJI J i^irttl 
^Ll9)) JU:l iuJ La-La tjiUll dosJ O-jL^ (jUJI CjLoL>JI J-^jJ tml l ^jL>iil 

tlj^La ctj-^JI <j\£ dtjj>. iCj3-J-^' j5 cP-*-^ u' Lr^- (< 3^^ 
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;CJX J_j_>J! 4__>Lu<£j ^Ut ^1 4 tiffin i <jh ft t nt t 4-iuiL>-iJI 2L-ljt-w»Vt ^ 




£^ll.. r lll Ajl.A->11 * ... V-qI'j p J loll 

JTJ-*J 4 <iAa-4 5UJlL>- SjjJfcJ i JJJjj-^o ^^IjJtlt ^jL^ i^r^J-v 4 JJJJJI 

^JLoJ 4j1^j 4J ((^juuil (^-ia) ^jjn-qU 4 jmi jSjJI 3bVI JjjUI ol£ 

Luajt dJLlA (jL^j . 1 j jlr (JjLj jl jLSjVl L$j Ujt 4 >Uhi a (LLgjj ^_?t_j>Ji 
4-^1 7u i ill JLj.V >■ "Aj t^Lc mm S^Lua^U (c*Jj ^jjLuijaj ^jlimJI C-oC Jl> " i p|j 

. (jr Aill ^I^^JL 

I * J^T* ' J 4jj JL>0 ^ a 3^ J i*S 4 \ mi fl CxjLSLfl ^»»LlM 4_JJ_^J Lot 

t<dj ^jJsul-l^lj>i}\ (JI^-joVI jlfrVi i n\ iln i rt> tSjUi-l ill 4_jJI_jl-oj 4 t ^ till 
^ ^ u tjj^jj *.U (jL_^j . 4_K) ^ **<) I CjLjI *J Ll-jjtJLj ^^-Ju 4JL« ' 

4o«- LlLo jft \ I (JjLt-u ^ C-oL^ i 4Jj JlLI 4_ajLj CLoL^ I jl 4 ir> 

^LSL^ ^Ll^lj jlI^ 

. L-dj^u^J I J 4j^) "1 1 1 

.^jj till cjl_iig_c ijj-^ 4K in _ ^xlaJL _ Jjxj dLJLI cJu^ 

4^1 mi CxjL^ YAV tij) ^JLjj^-SJ 1 Lo j a t^j-J^I 4 j ^Lj .SKmi oil 

^ JUJI OjL^ t4JjjLU 4_*jllll ^kLUI ^ ^ t j < J J-CJU dLJLl (Jij^uaj 

* LjJaj^l (J\ <i mi \ j J *& 1 nl 
't <\\\ dll\l\ U\ 1 nil j*5-dJ 0^ (jf'^t JL^l. t "ill ^Ltaj <jj jJ-iJ 

/jx. Att t U r<£ \ 1 4jl r <jJ^jj * «U^_jJ!j l_£>^ i^ll CjK i mi ^L!uj^ ( f j'Cpu 

cj^Ljfcx. ^jLLxL-oJI \ mi>1 .(jjjL^jHil ^r^jl n ol! 4 in nil ^lj-jfr,1 mi I j oLoL>JI 



tfJUfcj *4_ulj ^ r ^-f^- <"< ^1 ol^" (jr^ <>{J\-*-A JZjf*-'- ti a 

4J3^C. dJllA ^jj^Lj ijS J <T< j^jlL (j-aj *4jjLk tfLi-* ^ lLxo£ J^JU Sjj^LJI 

ilkljj tjj^ .JiitJi jjuaj (Jjo-c (j^a <?LJLI ^La IjJj . 4_j_aLcu ^LiuV 4_j_aL£ 

j <t ni? t-j^I)) ^ " *»U vVi*^ >-*^ U^*! ^LiAj 

<j£Jj i4_uLcj^JI f^Lil! ^ - l*S - fjJx^uuuj ^jJI Archimedean screw 

j^juaJL 4"n S n ^j-L 4_l!Lij tL-ulj-iUI £yi SjLc 4jJ ^j^-iaJl 

J^telj JjjjJl ^ L^JjSUjJ iL^^ ^>»J jJkj ^Ul ji^S ^Ihi-^ 

J* pi LiUj dJ>tJJ (jUlft LiUj 4JKJ l^J 



J) 

c^U mi l£>-^ (3>^J Cupellation 4_Jaj^_JI 2l5lj^Lu ufcjJI <u jL£ 

3 J ^ ,rw 4.jl^tl 4 n\\ i4_*Lc Sjj ♦ 4 j 1 1 1 ^jjolll! 4-i Q ,tlt 

.(jrj.Mij.rt^lt ^JylAJI Jirtrtt J^Jo (XILIa <jL£ L^aaT 4JL>J1 djufc .Electrum 
< jr ic 4j^JL>J,i <Ll^jVI Tinning «3jj_uaJi}» 4 ^ nil! 4_llL>. <^ LuLi^! ^ * W « tn 

^£ »J^ttj (JJLaJU y-1 clr ^jJ j J <a jJU^ l_3j^_JL>3 tiljjJI ^xlj 

* j 

4uj£Jtl ((Lo^ZLlt)) ^3 ciiJjJ t^Ktmll) 4 j Mill £yl^£j} IT \\\ ! jLTtJJO ^-t-ulj 

* 4 j,» j i Vi T i cdjjjf diLj^jj-^ (j-o ^j^Wl mil ^ n fll clLjjJI > \i, i H^l {j^ 4 tl^Luil 

^1 rt III c£-LjjJI ^o^I V " . i ill <Jajjio <JJj J'"^ ' '^»J Ju5j 

LJI 

(JjJadt ^ jJoiil 41aU 4_JLc IjI ^mU 511 JUbLi . 4 n j^j (5LlA£5) 

JjJjtujj * I mi 4 , Shu II 4jjLj ju£. ulJj jlju Marco Polo ^Jjj ^£jL« 

.^I^LijJI ^ 



6t£olLujU! SjbaaJI iJ* Sim V^Mg p^JLalt 

( j^/L*-l!l Juuljj^ CjLqL>. ^ya 3jLc 4 jlr <J j) '^^^ ^lu 

djufcj i CjU^jj_£ j! ,.V j t JSLii ^^Ic 4 ti jUti ^ JL^v j_j La IjjLj 4jV 

3i) in^tj 3 JLC.1 < n a j! J_C ^LlV J r tiLj j^JLOj Q^J * * (jr^i Cj I JupJj-i^J I ^LlL>0 

(jjiLrtlll < .n mi^j <_jJl ^j^j jljjl>JI uiLij^ ^lr, ^ j) **< ->JL 1 *LU 

(jr 3 lj^flljILoj ^j-oIlJl JLjJ >Jl Li J . Ju JLr*Ji JJL>jj n < H 

J I Jul) I j j *C V ^ ml tj.jjLjLtfa_3Jlj (jjiLstJJI ^j_«o 4*w. < ( .» jJk Jjj^_jJI 

jjVC (jr 3 ^jjj-oLfcJji 1 $Ac „UV I (^lll 4^ J i i nti (ji^ t4l^j « U 1,1 Oil Jjl 

(2>C 3jLj_C 4_jL_cuJi j? j A .^Tlj . j^jjLuuaJlj CjLoI q ll£ 4-jSLJj^jL_t^JI olj^Vi 

ojSLj <-£LjJi (j^a / V* ^^lc ^jJLstJ ^jJI j <i <^llJa t 4^j j ■ , . ]\ 

(j-xs ' ^ i j M \ ^jjt ^L-^ j Irt ^ L*ljjJl J Jo—Sj u i ajJI 

ufljjJI fj^a 3 uo 4— li-u.) 4 **u.<j-i, < M ! L) 4aia <7o*i u, ^ t^-se-aji^ <^iijjJI ^Li*» ^^je-Lu-a 



r 

•■jit** 1 " 



* Gjl 4_l>JLua ( ; rt t^i\\ fjji * JiJ^a-Hj < ^miH <JjLj9 J-Aj i«jrtU! JuJL>Ji» 
i 4_j^ uaJt <^ mIVm V ^,11! oVl__>Jl 3juJL-C pi n i iW) 4J JL-^-jj^ 

_ I^j^SLj 4 j, 1 7t **< ! i ^J>~j^jc <j I j jl_uj . t _ r ^iL-uuVI ^JLjlII tJT 3 «=Lj-jj t.U 

JJJ-AJtJI OW! (jr^^-^y^ ^JL*JI 4 **M <t.rtvL) p Ir. ( _ r ic _ (_M^Ja .1 r (jy^- 

JUJu>JI)) J^-J_jJ i ol ,0 mi f JL^J i^^L^J < 4 Uj i itj 2jLj4^ t^j-LaLXOJjJI 

cl_LJ I C— J \ < M n C^jL£ ^^jJI 4-LjL.iJI SjULI 4jV <( JljJlj>JI s:La» jl miU 

Cr 5 jcHj 4_tLj_j»JI cJLi> <Sj ^ ij^AjJl jujl^JI ^LijV I t^>j j^L^JLl 

VI 

La^Lc-^-I JLJJ3 jLtil 4_j <," t It mJ Ml $ i"i j^-ll J-xi-aj 4i-rr 

JUL-J ^ ^ ( <^ i 1, 1 j 1 fli 1 . 6 j ^ tr> ^oJLj ^ " 4_J jJ) J * I f a 4_Li_i_u I 

Ct ^ < < i r\ j cii j -s. 4 <j I V t f \ 3 J ki L_al in ^ (J1>L_>. r ii tj ( jLj UiUj 

t lilt « ^j4)Lj__>J I t_»Ll^» J^J^ ^ JUJLJ>JI ( ^ojLuaj>. jLscjl (j^L<U 

- Ju JL_>J I CjLoL>. is> c Lo I ^ULL^ Sixj^uo c_>l niij r^jJLuJl ^ , tc r 1 1 ^ lr 
t i.fi <^ ^yla-AJj ^^j^LuoJI (^jjt c_jjL-uaJ! ^ i nil 4_jjJ Jj^cjj c-.<\ i<a 

c j_u^aL>J1 Q^^Jl .SJUJLC ^jl JlL) ^yJ! ^Liw SjLoJ^ j^AjJl JUJL>J! j-JJUl^J 



KjollniUI SjLoaJI \j* Rim ViqNs p^bJI 

5 

dJL>o t^-AjJI JUJL>Ji 2L£.Lu-d ^JlLjJI 4j3 (ji^Lj (^jJI <L<-uJu iJiJjJU 

^ orj-V m"U ^j-ijj llL-uJLI (jl i th 7t\\ j-loj3 .Carbonization 4_L^SJLj 

4_Ls ^jjiaJl j^laj (^-t>* ^^JLSJtj Oj^JIj j^Lw^JL) ^ JuJL>JI (^ij 4jjjdu tjjl£» 
4 j <n t cdJj JUu OJ-^jV^di $.Uj! 3 j fluntl 4.~ i ^1 j>-4-> 4 "< ag. J*La 

.«oijjVl ^t^>,j ^LojJt (j^jjjj olIi^>Jlj <-fl^j i nil 

I. i ii U CjI j ) (jj-oJi (jr 3 I ^ t <nj oUlja-jJI Ci*tla \ ^ J ^ J i <JT ic 

OJLoJbjiJ ^Jt-aJLs oLdJ^_jJI dJUfe Cm la *4 ui g Jl L 
JUu <L^j^j (jr b ^ rtlj^ i^j_a^JI ^j-A 3jJIaJ ( j^L-u ^fjjft jl— lxI C < i J 

jQ i^'t l j^^ojj ^LojJ liirt^t 3j It nil ^yjj^j-Jl « <JLU jt£ 

dJUb * ^" - ^ JuV^ i^jLLJLl JuJL»J1j ^JbjJt JuJlj>JI tjj* i !r> j 1^ CjLSj^j 

Jl>.T j $ 'ki aJj d&L>Jf 4 jlo^ OJu>oi dJJjJj i^^LtujJL Sj^juaiXI j-t-oLuJI 

4iih,^-4 j-A^JI JuJL>Jtj f L>J1 JjJLjJI ^ JSLJ jl fli/ViVI OuL^ lil 4olc 

f. p $ 



C-u\£ (^IJI «4_uul_<jjJI)) <-3 j)j JLuaU J>-x<M-^ {T^>*^ «.Jbj-flJJ» 

^ jufclll j (jjUil ^k: ^ 3 Mill Cyril Stanely Smith <ivt.o <«, Cy Lb-uj 
juSt % j ^iUj ^Li-jlI Etching (jj-tll ^^ic j-i>J! V"..mj (jL£ <<3j-jJJ 

t ) t i^y*} « 1 • jfaj m^j) " < »i ft £-h ^" Juu U dj^laj ^ n mi aJlM < ?n < <i tl jJJjusIj 

( rt ir»J JL-Bj <j»^L-u*VI VU*-* - ^ L7^ 4l„4— IU.O 4 A >-^J) <mH _1 Mill 

t^J^JLJI t_j 4 1 1* j 4jLj i rtj i tt\\ JujJi (^0 * ^yJI jj>* C_s) ^ju jirtlt J^-*l ^cLuJl 
i j e-L-a jjtj^c. 4... i in j 4jLj < rn Miti Ji^n 4j ^ < rvl.t a j*->-? j-C l__ii ' * 1 "V 1 <i i u 
tj-oVl 4 rt^ . ^ jMi'tll CjIjJcx>. 1 $t t nu (j-a 4juL" a 4 1 1 h I < n 

L7^J ^ • miH ^paQlI UjIji Ij J to a JU^-aJ! CjtjJ <-^J)J "ill JLc^- (jl^ 

(4j juL^JI <— flj) j i iiiLi (2r^tJLjiLj4 

. 4j jj^jl c-flij)jMill ^yl^, 4_u^jJl >— ajj i nit L^ji3 Jjub^ 4jjLLc (^10 Cj) w - "t < 

Ju^Jl I ^ j4 L<w) < n^JI t j miTj i Wt MtjVl 3j ' » ^ c^ 3 ^ul-B ^jL^ <4_juaL-3tJ 
^-fl (jldjLjjl tdJj JUu tliJL>.j . ^^LojVI jj-^lb JjlS (j^ajJI S^JLaJ a. Mill 

^pa-u <jt ^j^-j_jJI . 4 i 1 1>\^}\ 4jjLcbj>Jl 4 rtlnUl dJLA J^-lj iV^iJI 3jL>o 

JL_a 

l-S j^-i 4,i J I tfJU^ ^IjJL^JI £j;>-iJl 6^' Lr^! J^-"^ LaJLkl LjJLc 1 rt >■ d <i mi 
3jUajJi jtjCLal lj MMiaj I JlU_a lM<f Luj^J jJLu Lo (jy ldC ^jL^ (2LiiLuua jJI) 
(J^-aJt cP - ^ - V J> J- 2 *- 1 i ^"iC.LlxO CJj «t " i nlj t^iduljJi Lbjl MMtlj A-L^O^Ll-o^I 



.J mi <iTLi e^L cjVjL>JLi ojufe (jSJ ^Faraday (jtaljUa JiL* uJDJ 4 A ^L-Jn 

cJ^JI tSuLua^/l 4 jrt Mj.ajJj c-S^j f nil 4jjLo-4 jLu^aj ^LIjLj ^LqZL&VI (J(;Lubj_5 

^ j j i fs jjj Bessemer and Siemens Processes Jio umj ^ * w/' 

jV^jS SjLcl CiVjlrw (j I L7 \£. 

4 i, < rjj ^ lr ^jJL>ij mill ellj (jf i^llj ^ n m< ajJI jV^-aJi Ijuk « ^ ■ k 1 
JjJLLj Ijj *tn4 L^JL^jfej ^jjJuj Y , * _ ^ , ^1 y>* j ^j^jjiLII jjjQ 4_jJLc 

i(Cementite cuj! ~m o j .. ( ) jujl>JI jl_u^ c j_« Sjujl^, oUj-uo. 4_La ^jLoJI 

t j J a 4jjLc 4 i . n\ ^Ir ^jJLstj Jyi 3jl i r 4_i£l jJl c \j—>- ^ I (j^SLj 1 i * 

Etching o^A^ j 4 r juu j-xLaiL yjS^lH 4_j}j d>£Uj Vj .^j^LII 

* 4JLuua 4jK.lit.fl CjLjj^oS (Jj) I -r <> j ^mj CuL£ 



CjJLjIj ijj-^laJl (jjJLl Ur ^ 4 ^ j nil »5 U , ..j"it 1 
4JLJo jj-^laJ (^jLuxj^V! >-<UJI (jf 

*L_^j 4 iK\X\ aU\ „,tl a^j^* 5l_JU! 
43jj^UJ Sjlo^JI 4 r.u.ijSUI o-jj^ 



^1*3 ^^oJt 4_uljJL>l£JI ^jljJLl cJJt qI^ tudto j-aj .^^u^UI 4-tLuuaj 

J>Uk ^ Vj JJi ^1 4_^M_^^I 4^*11 cJioj I. 4 M r. 

5^13 fJojC.! ciJliJ! tjj^JI JjIjIj l£->>LiJU >^ tr^' o>oJI 

i>a 4^^ r ,Ur ? J3j t cj ^ (jrJ <j>Lu*y t ^JjJi L$J}Li>. j ot 

^jjj^bJ! jJSjJI epM-dl j^i-X. <^LUI (jj-^lt 4_aipMJI 4-uj-JlJI 

jixlj Lbj ^ M,t tLjjj! ^ *_j_/»5Lwi)M 4-a>Jtil jl .uiVtV 3jj rtUl oVL>J1 
1 * <^j— c ^ jJl - Gerbert of Aurillac ^MjjjVI ujj^ L*j*> utjJuIj 
(^^-ajj^Vi U ;,U. .Aj - Pope Sylvester II ^ISJI /i u> <rl < <. LLJI julj 
(jf JLjm ^ V* *Y ^Lc (^jj ^JlJI cj^jj j -v L-«l .Constantine Africanus 

LJI 

J^J^-Ls i^j-JI Cr^? — *J i jJL) 1 g la tu-jusIj 4 j tt j miU 

j\ iVLtl CjLjI JL_) £-^Lj 4jf jJUjj . <Ljjj-jiJI Cj Ua j) ,lr> ■>• <> M 4_ulxj^U I Cj Ua->. jJxJ i 

4_u j lU^i J>jjj j-j-i Lupitus ^jJLoj^J jf Llobet «4_jjjJ» 

J/uj!vLJII j m. r ^^L>JI (ji^-SJt 4->l ^uiLxJi Q>5JI ^jWj ^ I ^ jla 

^IV ^Li ^ ^jOJ 4jjL3 .ail oUiJII 

C*jLSj * JjLcuil >Wt mijV VI (j^j^ju L^jf ^ iSjLiJLC ^Llai-l ^^^U: 

4 & ^ mi a CjIjLjlaj LJLp^tj ,t 1 1 ^ ^ n a jwi C 4__Uj»C Cit ,«iK ) 3^ jl c 

4 j£- 4 j i ii v 5m,a,„j ^ Cj.I'J SLajjjjf Jl o r ? j ^trt"> pJj *^ it .11 ^-ij3 V 

L^?j jJiJii) ^>LJll j A r ^LUI cv-*l\ i^O-^ ^Vyk^Vt 

jJl£i 4 ,j ia,>, mi «f *^ ^ juJt icr 2j^Vl (j^tiVU m« a 

^Jt ^dLui 4Jt 1 1 iy> cdj^ Mt a 4i 4-ajIj aji t <i I I S ilo a JLaxjuj « ^. j 4 . A j 
CjIjwJljv ^yic xJLLal <jr>j, nli«MjVi (3>-^lj 41^1 J La, SjM-ii^ 



J-Lj fj j j rt a ; jr i trt V ni j ir"> I t L>3 * * ■ 

t( ^5t_Ljj| 4_LjIj cjrj-t^- oLdJ |4jwjjj * LjJL^jJ ( j r 3 \ \ < .< ^Jj Lj>Jj 

q < ft ^1-3^ tCjUaj)!r> >U j i i ii n") JLjIjJI 4_fl^juaj < , «j < n t JLoj Jjfc-A 

(j ^ j " r » o^J *|* ^ TV ^Lc ^Ij-^- L^jljj <,->"m Stephen Antioch ^LlajVi 

(j-S ^UkM^ (j^J idUj JUL.) lj^£L>> *4jln tr> p - dJLjJI^I J ^ I i ri 1,1 

oUJjl! 4^^1> IjUC-^t 

j;j<\~<,^\ J^L^u* -Oo^L, ^Jl ^ p ) TTV J& 3 •(^Uajyi *l jjuAJI 
.liJIjuT ^j^l ^UIaJI j-^-jil ^ djLp^L Michael the Scot 

4_a j t nil J^J ^<lA| O , \ q ri, JlS_3 4jj j i j V 1 S^j3_>JI 4-j_ii Lai 

C-jl tj*l i ill 4_±£.^JI ("< " t^^ti ( „ ->Jj .C-JjJtJI ^jJJ d j , ,.y 1 

(jL^J .<-jj_L>JI J-3tj 4 j *r \ 1 11 U ^_pij_i_>Jl ^ \ nit 4_o_^l j^a 4_x-jj9^JI I call 
4 ^ -j— lllj ^jU'ttl Jo I Mil ^claLftj f 3 A jjJ 2 A a! , Vij l£] J-Lll AjLc^J 

C-laj ^^Itil oLa_>*jJiJI CjjI^ 1 j*i o LaL^J *4 j m^UI ^1 J 7Tt n ^jl (Jjil 



jLhoULwUI SjUuUI Sin foxtail 



Raymond « jujajj>> IjjJl^ jtajlU 4i^LuVl (j-^j ^Ija LajuLc ^ \ \ V* ^Lc ^ <_dJjj 

jl j-j&zj ^LJI jMjjIj ^ "« ><i rnll cj ^jjj JLj-^f jj_suu^* ^L^ 1 l£^M-jJ,I j hi r 
oL^(^ \UV.nU) ^jx^JI jl JJj .^„w|-,<i„Vl J^U^j^^^JI 

tfJLcL-u 4_u^aU 4jjLkI <jj<a ^ci:^J! (jr^J "vLH^ Cr^ W-^l J-*^ 

. 4_U_O^U! 4_UJJlI1 U-uSLII 4.0. ^ (jLjjiVl (jr^J^t J Mljlj J^jJI Jyj (J^-C (Jj^ 

4 j 4_u^jJ1 t ^£. L^^jw^j LllfT jruL«Jj 4 < i i n ^1 t jja 4_ojUa 4_JI ( u n tjj 

JLc-C-Vl 4_4_^vjJ3 ^ (J^^J * ^Lj_4_jJ*JIj tiiLflJIj Cjl-Ljuabplj < t « In 1 1 j 4 ti < uliill 

<^t til j~>. Ijl Li^jjl jLiiuJuVI 4 « 4_u^-aJ! <- 1 1 >i ' > i.' ^l «Vl 

(( u3WM }) p 8 * <L>^J iAverroes jAt» u»j iAvicenna « U < ^>t» 1 n < .> 

^y-j J>b <jL£j * j-j-i^ fubj lt j * Albatenius « U oui__uLiJI>) ^LlJI j iAlhazen 

j-jIjJI ijj-iil JjVl ..I rttll c ^ 4_u^ ^ jJI Inferno «^j_st>JI» 4l<ui ^ *Dante 
( % ^ 

."Averrois, che il gran commento feo..." (Canto 4,1.144) 



j j i (jL^ (jjJI MoT o) Raimundo Martin ^PjLxi ' ^ ■■■ '^1 * j^^ 1 ^ I'JUJ^^ 

tfjLaU. JIjj ^<u ^Colegio de traductores toledanos »5iU^u CjrA ^. J i M 2l±mjj^» cJa j^c. JllaJi 
L) isjL> ^ (jjr; oli <iU < n ir>"l pagans 5 flKojjj jljj . The virtuous pagans 3jl t c L1a <JJ^1I J ^ *'t ,,,\ (**) 
jkjL-Jl : <Gl j^jua ^ Bernard The Wise ^-^Jl jjLijj J^i tiU j Jll« , i^M-^l ^ L^j j^LoLu 

: (jC jAai jj-saJJI I Jut . I^iikij ^yfc L»S ^jjl^jTiA-a JL>.1 _ Jail LaJU£, _ CjJ^ ^^JoL^ 

D. G. Munro, The Western Attitude Towards Islam During the Period of Crusades . In 

Speculum, 1931, VI, 329-44. 

A j ~M rw 11 pjjiH JjL-jlj i_s1j_l!uL> 4_i_uljJ i 4_ijjjjV! 4_iia-gJJl j^yS <_Jj-jl11 jj! : 

. <LaLiJI 4j^juaJLl 4 fug II i ^jSLuujj - 4^LflZJIj ^jJjlIIj 4_u^liJ 3,JL-->lU 4-al\ia ^jjLlLILj 



L*9j9l ^1 *<LloUUuUI&A jjuJI JIajuI 

if 

. 3jUjL£. CjLsbAjud (jyJl 4_LaL-ujJ ^LocJ (Jl of VI dJL^j 4_<^jL£S ^ ■ {j\ 

.^jj^jjVI ^JLaJI JjJaJ Ljj JL>» CjjJ I 3jLC t_LaJiS j^JU I Jl^J 

j 7» 1 1 (j3 4_)ll£ 4-4^X^JJ t a t' 

Sj^ljl^ S^JLdj cdJj j 1 ij t Liber algebras et almucabala ^IjJuu Lh>>* 
^jl^jj .De jebra et almucabala ob-^ ^ 4-ir » .1 'i ^j^j^JI j 

jL->Ji ^Jl CjI— SbHa^aJLl 4 t >a '"*jj^> **j tLijjjt ^Jl >.U Jl_^>. ^-lc <J^O 4_JLjj*LaJI 

^ L<^ 1 ^ (-ajjQJI r.i jl j^ojJLi ojUKJI J>Lxl ■ k * « L-Jlaj ^jJi 
((^jMJLI j Mir j-jljJi u>^0 Canacci ^l^K 

j fh (jLajJI Jj-UjJs JUUJ i^LaiLfl (JjVI ^JLta-uaJLl ^Ll V **< ml I Ju ^jJl 

. LoLqj «4_L)lJiJtl» ^JLiajua^i 
Lcv^_j j mi 1 «j^laJ I » l-j! "i ^ 4_j_^ ^>-jJi ^ jdl l_u^_aj ^ . A > o_3jJI J 

j^ila ^j-c Jj^i «i_)L^>JI» 4_jLjSLJ 4_jJLljV 4_4->»j3 John Seville ^1 n uiVI 
cJijuajj .Liber algoarismi de practica arithmetrice 4_jI ^JLc J * i(jr ajjljjtU 
oIjlc! ^-Jt£. ji 4 * t ,r t \ LaJIj^J (jSLcj (^111 4-ij1 mi -hTI cjLJUjJI Ijla 

^jj^Jl fjjJb Lul j i n\ ^yS Jjt-oJLj Ldj^ju: <jL£ ^jJl JJUtJI 4-iJj ^Ltoj ^Lv V" ( hIj 

cjLJ^c ^4_1jL^4 ^j^>.1 c r *n£' i(_j\Ji^j| I jla mij L«j_^ . ^j^LJll j-^iLfcJl 

4jj mi »f I jj-tduSJI ^*l J — sr"t t ill lo ^tjusjj^ t4 o i nitllj t_)j*juaj|j ^jJaJlj ^-«sj>JI 

^Egyptian fractions .^tl m <TI ^l 4J3Llo^/L) t 4 j m"i jjj 

ui£LIt ^J-^- 4Xo jjj .v* ^tl 3 Jl^-jJI ^ j j * ' ^ "■ OJ-^ Cr*^ <— ^1 

.[-^^ - L +- L = -1- : JUU1 J^^l ^L^VL» ( c > ^Vl 

L v T A i o V u * * 

4 in " in tl mi^ILj J^-tJI (jLS^ > T i * _ )) V* Fibonacci ^onLj^ . j ^ 



<LtslLuuUI SjUaaJl ^Xm ViqUs pfrbUI 

4_4->->j lI^j! LiJLiAj .4_u_uMJ! ^LJI jMjj! 4-*.^ ^jdl « juajlIcJI 
cjLJJJ—* I ^ t "< Ti ( dl ^pJI 4 j . h U Jljjdl JIjIjl->J ^j^j^SLJ! j\j 

jILj ^ cj jl-Sj . Toledan tables of Gerard --*„! StU^tU Jj| jl^. 

Lflj^jL^a CjI "ftU oLutJw ^lc LA- 3 ^ till j Cr^* 1 * J . 4_u^_*Jl CjLdJjJU ^j^a 

t>° lt^ J "'"'^ fuljJJ o j tUit JJi LiilAJt 

oiLLM <ys ^jJ>.\ f Ij^t Cjj^Idj ,« tr>n, ^tU l_jL&J J t ># * 4_<^p 

Libros del Saber de fj*—t^\ ,uj 4J1 * , , » ^ oil* j n,t ill 

2LdjjJ,l (j_jLuJI Jirt Ml ^ya 4.JI SjLjiVI c«5..i.< ») Astronomia 

. Cx_l9^ULj (j^lS. ^ui£ ^1 4^Lu»yij uflUtl ^k: 4_u^l JLjjcV dJujLjK 

4-siAJi jU-^Vi u^j o^j * Wjjj' lt- 1 ! >ia— jajj 

<_iLl£J Hermann of Dalmatia ^UjJI <jL_Ajjb 2l_4-^j *5jujLjt]| 
L*f> .fu.tt y{\ JoLa-^Vi 4j^Jij j! 1 Planisphere «Sj£LJ1 ^-jln r»1» ^j^ALaj» 

4jjuj^UI c2jLxj>-j^JI dJuk Oj-o^w Jl^j *((j£J^Lfll ^j-^liil jij-^JI J-^'j' Lr^ 

^H^. n OA 3^ " nil ^ \jj-c. ^ ^Ul j^S/ v VjIx^Vt oLdljL-V,-. ,«< 



Cjljj u'ill 4o^l£La S^-lj^ 4__uj^l CjL*J£ j jk" ^cJj . ^jruj^LJL^ j mi c ^jLkJIj 

, i , V L^jLuLdLua Ci.a u& JUid ^J^LJLl j Mif. ^_>l!iJI ^j^oJt CjLoIJ^s 
<L>J\jl^4J (jr ala-La J mi 1 1 nl ( _ ;r 2 43^ ^ i"i flj tfjji \r\f\\ 4jIj J <-j^) In mi VI 4_IT 
(ijr ic 4_u_o JL-I^J I Cjl^LfuJ^U 4_i_<_*iJJLi^ *j « ' N JuI^Jj £_<q ^HaajLj 4^>.jJlLq 

.^j>UI dJUJI u>-JI 

j^Vi c^LSJi I^a -c^J 1 ^ «^*^^ <4_£lj^ij! 

0^3 ^{^3J3 ] ^ l^I^ ^^V 3 ^H^Li x*j ^ 

j o mij< JJi-4 ^ j*< mnU »l J l o r I oL o - > >jj cAi^^ tl^ VJ-*^' c^l 
j^juajlJI ^ Hj-^l (j^i J^J U^^IH^ J*^ (1)' Lr^ < ^ J -" L^^^ 

1 (jL^ <jLio^L> jLusu^l 4jjiil] 4^. ^luj CiUi 5jjJU>Jl 

^jj LiLJojl LiJjJj 4_jLa ^ oYY) J3L ^ tiUj 4_^jJU1 ^jlj^ 

t Witelo jfrftj John Pecham ^I^Sj Roger Bacon >^JJ 



jru . 4_i1jjMJ! 4-uj-jl]! ^ ^1 J <a j ^ J^qjlI 4 ^ -s > > ^ Jj! <( Ly jj"i 
^jjQj^SUI jij^>- 4^>.jj ^jljJJ LiLt£ j^JU C t o r* ^p ^jjJI <Ljj[j ^j^Ji JLa£.V| 
CjLo^-^j £yi JUJUlJI liJLx&j » j-jL>- JLo r 1 Ju>.1 Luaaf ^qj>-j-j 4j( , 1 n " t j ^jJI 

4_£j-4^>Jtl 4 1 j >r> 

oj^j (jl (jjj J-o->^ c£>**t tiJLlA tjpa tSuLu^UI ^1 4j^jL>J1 

oLL&Jl <Luljj ( h mi^I ^j! (JL>J! 4 « j < t«n ^j^L^jj . 4Ja jj-*-* 4_uj-c Jj-usl L^J 

4j^JoJlII ljr \c. 4 i } i a j_>L^v oLoJJ-o (j( dJuH tiJLiA ^ii-Jj .JLqJLvVt JL_j_jlj 

(jjl ^- *j£L lJoL*J 4 nh V A 2LoL«JI 4 mil (jf . 4-JJ^JLli 4jtU| Ij-Sj-C 

.3jlc Ljj^ 4^l£JLI * '11m 
CjIjJ^Ij j-L^jJI 4-C.l m^j <t^llaJtj 4-cl j <nU (jJS 4_t]L_c 5jL^_fl ^jli {j\-x£j-3* 

4-S_l2jJI oL<^j^ m ^ jljjulJI * JLiLI Jj i t-u (jyic . La^-lcj y^Jlj 4-jjjulII 

CjL_C.J-_jU3lII Lla^JL^J^J i^jLLaJ^oJt < ^ *t U 4--UJ id^ iitjl"*i>! (Jl — 4— 

(jy jJI SjL^llj CjLjj)^ i h >Q ^yic Or^o-u JjG t 1 ^1 1 4,^r «*^>j-H oUoj)ln->JLlj 

4_ul j o j^v 1 1 oLlLIjJI Ci\\n jJcuS .^j_UJl 1 ^ j *°> CjjjA, V " ^^jJI I ^ m 3j " ni l 



i ii^JI (jjjJijl Jjljtj <L*ilail jjjuulH (jLI L^jijt 4_uL-4jSJI 4_uJlL!I <~ ■ 

Ij irur JUJ1 4 >Ui 4_jjj*JI 4qj| jo j VTI Jigf Vl Cul£j i4_uj^>jVl »1 jo j^ll ^ 
1 nit* a CjI jU rj £j-£>-f ^j-a 4*i/q <rn Lo (j} < k M iJLajjV! j»JL2j l ^ 1 ^ a 

(JjoLiiiJI jj^lajJI ^JLxjoj LusjI N ' rt (Jj 'Jjj L^a j) ^ ^ ^Lj_q_jj>JL) ' * a 
^Jjis j ^ ^ ^gj) **< t o CjI j (JLq-cI l£JLL£ OjL£ iLuajl *4_uLla^JI 4^u2lLll 

4_ajUa JLa-cVI lLUj U^ 4 ♦ < ^h 1 5JJ^ Cj!j-ju>J1j i— )ji tt "ill (JT 3 Ij-lj^ CjjjI 

(*) ~ 

^ 4-jJuj!vUI ^1 Cju^-Jj i ^Albucasis « (J jLu»L£$a]U ljjJiII ^ 

** IN *° 

tdjjJLI jjj^>^ (3>t (JJJil I jla (Ji^j . Liber servitores <j! joju j .V dJlSJI (j>ill 

jL_jJjUj-J-£j ijj^LuOjJI JLjJjjj__i_^j ij^ia-uVI (J-^LjlojJIj i^jj^LuajJ! 1 j , <, O ^Jjl^ 

. 1 -ilj^j jujl>JI ^jlj-o^jj cjLj-ljJIj ^5La5j i(jjjl-5till 

t_^<a ,i„i«rr> 1 4_£JLj Lt_L<^-*>» L^J ^cjj LjJ ! (j£Lqjj V ^uil 4_ujjj V I 

Compositiones et i_>l "< < j j 1 ♦4_jJlJ ^Lojl ^ 4_jJL^Vi ^j-uaJJl 
(jjt>-aJI (jr^ 2Li^Li t-jLtjuaV 4JjIjuII c-uSLII ^Jl^I ((jj^HK cjLLu^j) tingenda 

^ "\ * * 4_L_o j^>. 4jj, 1 i »V t (^,-3 4 nil 4jI jj>. ! ^m^i Jlj^j * ^ ,.j 1 1 
^yAjtJ (-jLjSJI IjL^J (jl-Sj .4_Li_o Y* * (jJlj-stj tiJJj Julj 4 j< n^Ui ^JJ C< o "wpj 
4jLa-lU ir-i o ^j^i 1 1 *^ 4LT >a^Li_uV I j^uauJt Jjl^ 4_iLjJG ^j- 43 ^j-C.jJL» (jr Jj-*J! j-ul_lll 

T ♦ • ^^k. Liber sacerdotum c-jLl^ ^jl^tjj .4 j ..jl^ j! 4_ujx. <lL\ j ,r>1l ^ 

ijJ^-SJl lP^J^ CJ^ 4jj J i fit! 3j_j_^>JI ^JJ L^Juo JuJLjlI! ^Jjlj J j-.t.J i4_o_i^DJ 
ijr ij£. lJjJ J-fl CjIAju^jJI djjfe ^-^>- J^J . ^ JL£^/I 4jj_uaJll ^^j-LaJI (jjjj t4 j^r j < nil 
O- 43 Jj^i *0^1 cr^ 4_tlo>UI ^J! l^-jJ^l 5Ut^j>JLl SjUI Cl^j3 tjj^fc^ 
<— 9jj-J>- Jit ^jj . 4_uj-C Cj!j j i t . ^ J^LJLI j mi r ciJLHI (jj-aJI 

c_jLjSL!I ^jljfejj . 4_ojjlJI J^L>. (jjo Lj>j»^J Jjj ^yoJ! 4_tjfljj^.yi CjI oKtl ^j^-; 



jninVj fjyl\ 4jIj cJa^JI Oji^lajj *4_irwjL>. CjIj-jjQ! I^-A^ ^LjxuSLII ^j*^ 

^Ll^jSLII ^ ^M^yi j-jjIU! cr k. J_JjJ1j . jLa^jVI 4jjlcLuij jl*jl>J! 

t Elixir j..j ) r.<V< i Athannor j^HJI * Alcohol J^tSUI t Alchemy *LxuiJI iAlkali 

. I \jt iNaphtha dailli 

i niffllt 

4_jlj JL>- CjULJj 4_u_jj^UIj ^Lljj^jlI! t III JL>-Ij (j] (J^LlIIIj 

.^jlII ljUb 4->lj CjL-Jj Jo ^LxolJ ! Jl>. 4 Ijl^l 0^jL%^a 

->») . 4__j jLuaU-fllj 4 ^L^L-^l c-^-Jlt^aj CjL>-LlIl>.^ 4 j illj 4-jL?r **<,<-.il 

CjLUJJLI ^j-xs I JL>- J JJL£. Juvjj 4jL^ t4 ri rt j_j_CJ 4 n ^ ^1,1 ; 3j j 1 1 
^yJl I Jo I ^>.jJLj c I n jH LgJ (. ^ ^yjJ! CjLoJJJLIj <4 i o, V ifllL) 4_u_*II <_u^-jlJI 
jtl t ^ < t < rt \ t jJj . (. 'J^S JL4C (jr^* ^h'JjJ^ 4jl) ^! ^1 



jjJuj tiiJj J^C u i i it_Jj_*J! ^yJI ^^iLoj^l ^JUJI (jja 4 mi, I ^ II JLdlut ^ 

<^ 4 i ,t i «>>j_aJI JlSLCuVlj jjlij , rt'rlt mil jt C*J*-UI jl p-faujJL Jai-i 

dJLA (^-1^ <Jj) i n nil t jSL<j . 4_jjLj^M CjI n mi t,| ^j^JU <^JI_$ tOllsj U^U 

. 1 jl>. £jjLj - Lblj L»£ . cjLAJJJLI ^jub (,^>- ^jSLI t4j intl oLAJJJll cjLo^JjJLI 

dJL-A jfc|jL ATu , u l (j-Si (jj^>- UJ-^? U' * < j * J ' J 

(jj-j-5j^>Jl {jfi-r q 1 «. Vif I i^tjl (Jl rtViVI Cj Jl_>. Lojjj ♦ 4 olln U ts\ +\\ 

. 4 (\\~irr 4_LdLdj (^loLLo 4 \ ntt u a Lo ^t^o^t 4^jjJL>. ^ulSLo} L^jIj 

^jLaj ^J] Jij^ojJI ^yd lj j 8 !^ j! t4 j i n Jligjl oLilalll (JLoIxjLj 4_i-oL>JI 

jrit 4_jloL_>JI 4_flj t <ilt 4_La!jJI 4\JL_>JI ^j-<a_cJtJj ^jVI 1 « <^ <ij <4_4ui_dJ 

^JLJI ^ (-sjjLUI V" ml j A. "pi 1^*11 oLJLI jJaj oVT t>u ^>q 

< " < l^- ' n Jl^j . LjjjjIj <U m>jV| ^^Jlj 4jjl1^JI 3jj)_>JI 4 i i nj 1 \ i <,>T 1 1 jla 

. 4 n "^-Jlj ^>Jll ^j^usULI £^-3JI CjI j m" mi 




<L*jdILujUI 6 jLaoxII ^ Sm.vV.Qll9 fo^ii&JI 



*J 1 «w.n j i->- Lfc^jJU (jy^lli 4JVL <iL-j-al tiA\ L_3j_*j C< • Ijjj * tjr i3 

<jt ojlh? crj-^j^ J^Jl-jl!! (jf VI v jL_i_l!1 3 j) ^ \ jIjG ( _ 7 UI 3jj c LH i 
3^> ((^^jLijl L_iVjjJi)) jJLta-ua-a j^-lb . JjLtail ^j^LiLa oy*- 

- \ fl^^K jf £f^VI m£JL>J <j1 ^jlsljJlfli I In ~w (jjA (j\ja]^i,\ (j^* J Jj^jli '(J-^^li 
I'l j* V 4 ton <U . ^Jjus^M 4 -j t ujUs C< jLS . 4. j 4 ( <t,"Tt aJui> <_ < j < u.) 

IS. u 

4_jj_a_ju3 (jA^-J 3^-* (jr^^-^y^ ^ »ll <,Jj-3 <-Li_ujjVl Jjj- 1 -^ 

4_j^L J Jl I^L>.jl pri <j\< <A\ <jl ^ lil-ju ^yjjl (jjllA ^j-uJ iOJJj LT i^ J-iJjJl ^uJl2j 
4jj1 (jJLukj . ^jJ>-\ 4_u^j^ I J^Lj Cjj iV*mI ^CJ 4_j^_ijjV1 3^ j^>J 1 4 \ <"<, 

/yj liju JuJljJI ^JLlIIj JU^lij < njSf I j£>A^J ^Jjj' Cr^ ^-^^-^^ J_$4^> (j^l 

^JL*J1 tbul ^ m< " M itdJj j-xjj .4_oJLc >^Vl cjV>U 4_ujlJLI 

Ur^J *4jjj) miH 3L<i_>. 4JuJUo (^yS ^ jr -coL*Jl 3j_>-LaJI CjWI _ (J-uJiLijjJI 

CxjLSj . oiut LLoLjI >■ J <i i") Jijj V (jj-lll 4_xj_ujk_>3 3jj_C njVI (j^-^ 4_j_aLi 

^ I4J Jl>-jj LxS 1 ci^^Aoli J- 1 ^ l^- 5 ^' U>^' cr^ >^ cr^ ^i>*-^ 

3jj_£.LL1I Canlj . j^j'M jU j mi r (jaj^oLiJI (jj— oil (jr^ 4_jjllVl CjUojU^U 



. Kj aU* ^ CjjI1_3 Ju£. 4_<-iiJL>JI 4_jJuJl_>JI <(4— ul j u.yi 4_uU1 4jLfc_jJI» 
CjLjjj j ^ £ij n "<\ j\ V t\\ 4 In ( itl^j jl JU CjIjj_cLj lLILlA (jL£ ij mi r £-±duLlII 

udjj^LJl) ^jjjlIII ^Ijj t^j) i^> AJI <L^j ^jle. idJl l(j >d i * Ljjjj? cAIIljI Jua 
4£^jkJI Jj^oj *J££ 4_lolxL^JI iTtfl iduu\ jJi 4li) ^ 4^>J! JlU (Crank 

Taccola Vo^Lj oLLl^ 1^3 j. ^IM 3ju^_5 4JU* ^ VI Mjls 4_^>UI 4£^j>JI 
ur^ **-£JUJ^ u"/^ ^ ^ fl (1^ (f j-jfci) Martini ^^LujLoj (j» > L o * 

pJLiJI ^ cJLLijl jl^ v jl n "ill dL-JLI jJsj oVT (j! jl-^JJLI ^ ^L^ I jl 

LfcJjj>-j oLoJ^ (^^3 Cjj ^ i nlj 4-jSLu-u^LSLJI jj-uajJI ^3 Li jj j I ^^^3 ^JSjjjud C-ul^ 
^yfl jl V j II SlsLLs 1 (j" <il^ (jf ^jjl * Lfc^Lj Laj .^U , ,.jtl jj^u£s_*J| ^Lj} jIj i^L 

pJL«JI ^1 3_ulll 4iLLii] 4a£.LluaJI ol rtjjUltl JUwjJ p3 tcH ,jL-JI J<^TI ^ 

U7 ^ Jj J "*o LljJU>. ^jSlxj ♦ Luj-Jij 4 i ii Ci q^Jl {J7 ^ Lijjjlj ^^^o^Lj-iiVl 
t j-u>.l^l £ aJ| 4JLj>- ijr l £ - ^ 6 ^ t inMJ « jl mi *mVI CjJuv ^-^L-? 1 ^^^ 

J 9 4-jtJI jj.,.^ 1 1 CjIj 4_uI^-jVI (^yuvljIaJI ^j^Lsj (J a **< Mil t.tx-i— >■ i4__ulj_^JI 

(Jl n " it ^jlSLalj * Cr ajaVl jj_j>JLI CjI J 4_ujjjVl ^j>.|jlaj1 jjj_La3 ( t _ T -uj?jJI) 

. 4, u o Jl>. 4u/i^ 



<LloUjuU1 SjboaJI £»■ v.qHj p^JLaJI 



^SLsti!! I JU_a «jl£u! Jl>i£.!)) tjlill J j j < ii (jlc • LiJJ J JUu c_ jjjlII ^yS Cjj^Io 

CoQ.I V"l i nlj t4jjLit_JI CjL^-3T oil J Ml C £y*\!jl\ (JJ-^I 4j^ljpLi-uVI 4j jJclIL) 

< ^ i i^ti cJijudj c-L>. J mi f ^yslfJl cLH^t <^ jUajoVI (J-ujjLLa 4_>^_JaJI e-V jJI 

Pyrotecinca ^ ^ > o i • 4-L* Sj_a JjV j J^ajJb 4-^£st— a c_JI ^Ja <ya 

4_JLc. (>J gj^' 1 ^ 4^_jLj9 <jl VJ , IoSLaj iBiringuccio ^-iJua-»o 

^J} in *n L_a^_t-o ^— >-T tJ^-i OJ-i £y» ^ d 4 m mi a £_jLj_j ^ t <jV 4 o j nil 

4 a cjVVI (^jl^J jL^Jk! ^jj (jl IjL^jJ j^Vl j . 1 \ SU; a 4L ^LLa Cj>LjJL*j 

JL9 j^jusLUJI 6Jl£ Ci il£ I j] 1 o j 4 j tVng tf^^^Li^VI ^ til ^^yja 4^j^_t. a CajL^ 
Lafj .4jSLjISLJLI 4£.UJI UjLu f I jZLu ^1 4_fcM Lot . Ljjjl ^JJ r.lnVtj 

j^rfi i ii l^i<lj t4jJ-ta V"> (Jla3 l_3 L^jLfl L^jJj Ji^usaJI J^SLxU ^pJI 4-?r.. JuJ I 

(Cj^L-ajVI) 4 r 1 i-aJI (jlj j a t((jla-^l Mill) (jlj^Jll^ i^uj^—lll «jLla^>)a 

dJLxjl < 1 j rt *4l < Ohjf a J^lji jjSj-AJ ^(jlj^jJl jjJt-a) ( _ ;r x-u I j < rj <>i ^ Jj ir^jj 

Crown i a jjJI (jji^Hi (jl < » LcLjj < m tri ^11 (^jLi^ujL*.) (jLalol n mi 
^ ^oSalU 4JUa 4 lj i iij dJL& . ^jjJI jjjjCJI jj^t-a jjjw^XI wheel 

^jla Cy* ^ t£l jJtHJ obi' U^J -^jL^t <JJ^ <^j-"> ^UojJ 

^JlA (iij^ ■> "< i Iju^Ij j! ^ i * 1 ^ 4^.LjJI Cu^a j\ iV\ ^UJJ < i jjrt^t c-iJuJuJLl ^lj jJI 

La (JSL*1 -^J^J l^jl iSjJJ Ch* ♦4o£, t, \ j 1 1 jf j^>H (j^ ^4d>^ <jl)j^ 

CjLcI mfl : ^4_3»j Jl-a 4 "r in t<n j? c-1 )j aj oLcLuJI JJ^a ^jua^j CsLo^lx. ^Ll_J 

1 \ t . \\ 4jJT ^Jjjl-oj ^jj *4jj|jJ| 4£jj*JJ jJLuaJI 4-oSLsc_a 4_jSLl3j Ao^kjJ^uj 

. 4-jJtiad \ju-iloA A\-mr- ^£ ^4^l^jJ 4jjLuo CjI M MIA 4l Mil i <M 



4jj i— jJLj J-o «3 ^SL>o 4 d IViLj 3 * (lA^-^J oij" 1 J — * (o'jjO 

jIjj Libros del Saber 4Jaj-jdl l-jLi£ ^ JjjJJI cjLcLl^ .ILjIjjJLujVI 

4 j * i , .. j a CjVT L&jJuux) 4-C j ^ ■ >• a CjUuB^j Cj\j[jlm\ LilLufe Cul£^ t4 

4 1 < nl i.ii.l <LJ&e^_*_a ^ jL<jj Jjl t4 << < n U ^cjj n "11 CjLcL_4_u^ cliLVj lr> i nVl 

2LJLJLa <ys jJI ^IjJI p&jfcltl 4-jJT ^ 5 J-}-dj 41<sLl!I (jjij^JUl 

CjLcI 1 nil 4-31.3 jJi dil m 1 11 U 4 j < nLmI j^usIIjl^ 4j tin' 3 ! Loj^p ^j-uJj-jJI £>Jl& 

Ijlc Lq-i^ (4_tSLplSLJLl cjLcLi^JI jj-©Li£, q> of ^ '^"j I jlSLaj *4^£LulSLJLI 

4_uUa 4_cLuJ Lu Jl! cJljudj ^ JUS I ^jl JL>o <L-JJjjl ^1 j LlJj— >• Ijjj 

1 i *j * / <d Uj U ^. 1 ^ JLA (j^a \j ^ A a 4 j ui 4_j-jLII 4_JVLj t j-caL>JI tJ^>J I (j! 

(jt (j^o ^cjJLj 4^L^jJI CjI ti i ii U 5L„ L.. ' ^ jJI m <iTI J.-rwjj 

£jjVl obi-^ *^>1>^ (^i^ o'jJ^' J>->^ 4_ijL« 4_JL jljLj (^jJl L_)VjjJI 

l*Lc ^c_jjLjl3 i l^j U 1 1 ^yjr j i V> (^-Lsj 4j Ju Jl->JI 

JU Jl_>0 ' . ' * ' * I i n\j^fl ^ U 4 J-J-^ (j^ 4_ijL_a 4xLuj ^/\_JLJ LjJj^-dJ ^ ) TA 

^jlj^. j ^ 'j La (^yic LiJLl^ 0^ t ( a - tJ Cp^ Ij-A 4^ Ju Jj » mi 

t JlA ^yi 4 \ i ui m j I (J_i_>. j^4J < ( 3^ Jl -^^ 4_ul *\ i ii 4_ijL_ a 4_cLLij 4 Irt i hLj ^jlt 4 



(LuoULujUI SjLaaII Km Vipllg p^iaJI 

CjIj^UI i nir> j flkjj .tla-pJLl frjJuj 4>V^ JU>-^j j_La_UI ^ I ^j*. V 1 dJufc 

Chiming clock 4_^LLua ItU ^ ojla <jl 4JL*^*JI ->>^>U 

tj\ j>£*j tC.^jJI ^1 j ja^ ...H 4xLi <^ 3! * Horologium 3 jj 

CjLjjjlo-o ii jill I JLd> jX. LtfuJ J-3j * 4 A^Lya <cLu ^ I 4_uLa 4_cLcu ^ ^ J Ju 
cJdJ^a Ijj i V.j ^ j£LxL>u I clijjjij j"^ Ij-Laj ^ ^ VY ^ ^Xc (Jj^ ^<u Jl9 jLSJuVI 

<Lcl mo j,^jjL*j l^jL£ |^4_uUt] (_ iLcl m.II ^^juLl^ <jf ^L*J! ciiij ^ c-jj) a 
jl j^yJJ ^j^judIj 3jLi»J jlaj . (( 4_JLl3 j ^4_jSLulSLija J <£.L-o (JjloJL cxjI£LI 

, 4-uUI C-llcl u.IJ 4jL1jLi JjLflJL L3j^<i jl£ ^jJ! 4 Jjfc ^Ijji^Vl I JUfc 

<j! ^11 .m^jI >I1 1 <g ^1 cj^i j Libros del Saber <y3 4 in n^JI 

4_j^laj jL^ Ulj^udj^a C<t n (jr £Ll 4 a j tQj 4_jl J^J-OJ 1 4_>1 4 ^ l ^ a ^£ t ^ ^ I^J, I 

C.ct.1 1 ^ JL^ 4_i^^a 4_uLo CjLcLui jl ^-CJU La LuJl! jl_3 ij^J . 4_la^Li_u V I LuLlj-J 

U_3jj_t_d (jyJJIJjl < n I r^J (J^l jl 4 n J O -V. £A (^jljjJL) i4j^_L0jVI 3jJjJ>Jl 4 j LU 

4_La i r jJl jl^JLl 4jl j J-Aj iJ^-Uj jjj djj^ju 1 <* JLB 4_uLU ( ,JJ 

4_a^„ t d jl jj>.jj jy£. ^1 iri ^ . LjJJji ^1 mi ^1 c-jVj U 1 n^l 4^^, t a 

ijl^jjj ^-j jJ j^>-T julj j I 4 mil i C_)j>jj_LJw La] tfji < n j < nrttl Jl>.| jj£o j! (J ,tn t, t 

JL3 4_UJJJ V i CjLll ml) ^^XjLt-d jf i^Lill JJ jJl u \C L(J ti M>>j V^l Ijt 

l , ^ ^» ji ^psjjiij ji LLjl£LaLj jLa i(joj^L±I,l ^jL>JIj j-*iil_*JI jpuj-oJI 



JLj3 t^J^LJLl j <~<>C eJLHI ^jjJU! ji^l^i L3 _a t 4_JL* Mill IjJJjt ^ Lj; n j f , La 
C-ulii (jt jJI CjLJVI Jys 51) nl ( ii ^LS-jtiaj ^ySLulSLJLl 4-C.I mil (jlj-.ya £jJL>-l 

{J )\ u i n ri j (jjj (jlo^ajl IjlA .CjLcL-uJI ^^jljL^J SjuL.Jt 4 <i < nil till Jul 
_ Ljjjl - < rtj ilr*\ 1 * ^j_>.^JI ^1 4_jSLuI£LlII 4_cL_4_uJI ^j? oljj^a 

Qj^jJUl j 1 <; (jyjJI CjIj^SJLI (j^sLj ^1 dJL)j-ill 4j^_pJl CjLjjSLU Jl3*| 

. ^ < n nlflll ^^5L*jjIj (j* nil ^jwo Sj^JLl (J-^iBjj>JI 4 In < nl^J 

<— )l j ) <i 7JI tj] (jJJ j . WiJJ^ cjJI £J^^ lj- 4 j I ' » 4 m.^LUL JL*-^ (JlILtA 

Lstjuolj Mj*- 4_L5LaiJl (jIsLlXi ^ j <i tJT 3 4_flj^ju« 4_j_j_jiisJI 4_^jl_a_!| 

( <i^l£j*1 jjjuxjlJI C /i LfT <LuLtJI i "**tlj , JpljJLlI j l u . y )l 

\$ <fl I i^t t (jl ^jjo ^ciijJ! (^yiii t4 jt-n njjj^dJl L>j>j^1 4_»jLiu (j^J Lg-il JJuj 

. ^j^LII j-^c- C-JIUI (jj-lll ^ ^jJtj 
I j t.«y v ^> YTo ^Li Vilard de Honnecourt jj£j>a up 
j^lUa j,.i.m -*JI I jut ^ ^LvljJ Liulj iLeonardo jjjLj^-J Jj»ja LoJlo . Lj^jL£ 

(JLl>- ^^yjS . jj i^\t!l ^Jl ^la fiLjJ^jl^ ( fi^w CM Mitt JL^J . J r n^l£!Jl c_jjJlJI 

^ya jjiJI l.'t flt Jju^Vl 5 Un'i jujl-^o ^jSL^j iSavoy Alps <<■ II jMj c-J! 

. j-i-I (jl^Lo ^1 /yj _ JJUJ Ls ^yic _ dU jJ 4*r mi^JH 

FaUStUS u-af) j "Mj. j ^ *( cuj n! ^ > 0^0 ^l_*JI ^1 4_Jtjjl3 j-^j-J *-^J^ 
4laj|^lil JUJL>JI (jl urvfr ^liaj ^J^ir " , >n I qjq m" ^j-ll 1 Jufc O^J iVerantiuS 

(*) 

5 ^ n j Jjl ^jl ; " ^ 1 ; m "i . ,il 4 J oAl (^j AlblHTl ^ 1 ^ h ^ t ^ ^ VOV ^1 >■ ^ 1 YtO 

^—slj-jjLi * ^UJI ^jjIj : >^') ^*>^-J ' ij^jjJI ^yJI jl^.<i" i .iLj 4_t_Lu^Li j i^ia dJ^JLI JLIxj (Jj»->*J 

4_^sujoL>JI d ,jt,t t ^ ^ £0 * 41^ ^^Ijv CjL(juJI JjO ■ , ..jllj ^jJloJ! ^jIaJI :JjVl JlL>J,1 t Jplj 4_uJj 

. £^^m] . ^ 1 *\AA / _4 ^ i * A cj^j-jj i ^jj^lJIj ^^jilJlj cjLutj jJJ 

a_ju SjL^ui , u'i,'. ^nv.U) ^^ju jj^Lh^i u v _ or ) Trajan ok'^ (**) 

.[^l].4VJl 



(LuoUujUI 6 jUaaJI ^0 Kim V19H9 fD^iaJI 

tfjLL j^eJ jj_ca>Ji fjji £j-^' (J^ L>^ ' J '" T ^ ^bf)*t mil 4j<XjVI jjltl 1 

j m i f j-jL*-J1 u>-^ lA? * 4 -^ u>^' jt u>SJI <-£lte J>Lv Ljjjl ^ 

IjJlLjol £j-UI \jLjb £yA 4 1 1 ill < nil ^ IT if O <j£Li!uJ J)U a J Jj? ^L-tujJ 

tilli .Massachusetts ^.u > .^IL^La ^ Merrimac l^Uj^-w j-^j L7 \xl ^ 

iTjLVjJIj LjjjjI ^ 4 riUU jjm ^Jl ^ JLjJuJI j-jlLxILi ^..iVit Ijx.L-cl3 Ut^kJI 
~jrA jj-Mt>JI (j^a ^jJJI ijUb tLAjV (^JLusVl j^L>Ji c-Lv. JlSj . 4j£j^joV| SjjfcjJLl 

. Jlaj Lgj£ t W\ \ JUujVI 4 \\fkC (Jjjl^Ljj t<j^o-aJI 

ur li^ LfcJ_>. I ^ySj *L)L^?1 (jr^ JJ "i .^Jj b JLA J!tl 4 o ^ a 4jJiL>a jIjT tiJl-LA 

^ \ ^Lc ^^Ja 6 jlc ^j-u! j^f ^ cjI^ ((jLfcjiL^ _ I _ Jjj j < n,**. iJ^Vl 
^ i r (jjJajJ! jtjjLllI (jL^ (jjj * LJ1jj_Jjj 4, m ^ o^jJI llUIs ^ j\ "i - ! - 

(jl ( _Paj-ajj » 4 j ^LJi LfcjLjl 4_jJil < <>1 < oil jj), f (i -hJI <:LLj JL_uC,1j »t-fljj,i a 

(^yjjj (jJ LijI Vj . 4_xj JL4 (JT ic Cj^x>-I JlJi LjuslJ? 4_uL_uLljuJI j j <,il > JI (jjSa 

u^i "i ^tj (jljJL^v ^jjjjl, <t ttj jtj < o .V t^U t n Vj (j) (jj-lc iCjl — i_ul — uuVi (^ic 
Jj-oajM J <i ^"i t 4lj 4 ».9t ,<X (JJ^ (jl ^j,* i m q\S ^jJI 4 jtnj-d-ti CjLuIjJuI£L!I 
^ViuLSJJ 4 i inLmVl ot Utn^hU Oo6_-wuol iLiUii ^Ic B^Ljj .4j^jIjJI < h t<rS\ 
<J^j!_5 ( h t rt*> Jj r pLiioj mil ^Jj iUL2jjj ^1 j <C\ mJj-jSL!I 



t» ** LU ** 

(j-ulj 4jj 1 j 3ju>. cJLd (j^„a<^ r tl (jrjj 4.3 1 i.u.t>t dAa l^Kj 

y my r *J-J-tu tiJj LfcjJLSS 4_LuaLs 4.3 1 hi 4 J A*\V ^»Lc ^^Js d J^9 ^ (^J^l 

Ljjj_l^j ^1 SLijLojLjJi (j^l (3i>^ u-^- j .* r cht-p- j>^LjJLI (jjliiJ! 

,C^yi LiUi ^ j /^i [^-JUajVi] ^^Uj! <j^> 4 n m j 4jjL^o lZjL£}Lc 
^ J I i^^Jaj^aJl , \ rt*H 4, rnj i^JI 3LL» JL>.^i u \c j-illl J-JjlII c^j1^j> ^L2f 
L_l->J — a 1 „v n r \ W ^_43 JL> ^ * V ^ 4 i i ii jJujL^ C^j^ o lBLSD 

((^yi^)) ^Js UT» ^L_c LajLLj ^ ^^J! djujL-i>JI j< T I 4 ... jKJI 
Abbot Syger ^jt SjLj ^1 ^ U T * ^Ix. *Cluny 

4_tL>^B 4 hi J .1$ ! Oji I ^jSLqj L<» 4 ^ , ... t »g a ^JjjjLlilj I ^ U tj 

. Saint - Denis (jL-u ^^.3 4_uLuL>- 

4-x^L>- iC-ulj-A L&^jji ^jJ! JoULjJI jj^it 1 Jj^> ^L^doJLuil diLoM-c liILla 

n <ll (jl i r\ ~i\ \ <\ ] n i ^Jji^ 4 < ii ^Lu (jr 3 (J I Jlju VI j.jT 

^JlJ^ CjjIj-A ^tj \ i f rt*t < f ^ trttl ^j-o 4j| JJL_jj t jSJ . LjjjjI ^y-fl ^1 1 11 jJiJLaJJ 



4-Jljj ^ ."fcJ LU oLi^j JLiol Jo nil CjI j >n"itl ojiAj - 5 j , .. 1 1 1 t\ \ . 1 , f j ^ 
4-jJuLc JjJUuu JLSjljI Ly lc J_Jj Li]L>- JL^JJ V .4-j£Jj^JuaJI 4 aIUH jlJjj 

.<j^j^LJ,l j Mir ^loJIj j-jL-uJI ^j^jj-ail (j-u j Sjjjjj^/I S^jJ^JI 

LuLuJ 

(jja o\ j 1L 4ljjJ,| jIjUa)/ (J-c—JLJ Jtjj V <^ jJi JUjJL^a ^1 tVi j-A JjVl ^LfcaJJI 

<"/fij rtjj^" ^Llaj jjb 3j 3 m> JjaVl ^LUl ^lln . Guadarrama jJi ^jIj 
4_j jljkjj^ SjjLj ^ o ♦ • (jJIj.^ cd^to j-ijjj * 4 j <.aj I) 5 «UU ^ ^ Crevillante 

. 4_j f) gTi 1 1 | jJu j Mir 4 * c n't 

»1 mi \\ <<\ $ ttt <1 1 Lj I^Jj-J ^ <*1 < "U 4 J ( ft **f 1 1 i? Ju4> jjj—U 1 -i i u$ I 1 (jl Juu 

<ya Parras Tehuacan d n» UU^a , jujl^JI ^JL*JI ^ ll»I^I2JI 

4_^Lu^l 4 j > j nill 4_l1UI ^1 cJlj a^c^L^)/! ^^J! 4 o h it <zA2L£\ 

. IjUb LLojJ ^Tltw Ll1«_^ j J t"j L^jUOJUJ 1 j"m ii^l 3 Jl Lc I ^kJL^J ^_>3 Ll_^t-JJ Ju 

Ji-J? tMjj-i-I 4_i^U ^ys . 4, i Dj^-aH SjJlall Jl^ls WjJJ^ Cr^ 4_i_9L cJLLi L^jI 
4JV 4 .j uiJJm>-j J*JI CjLqIjl.V "i miVI Ci'^j >■ t 4— 3jj .(^ ) 'TO Cj) 

ill jLL>l j>jr ]s L^ILo^j 4 j *>-j Mill cjLUJJLI c-u-ojj 
^ < rtilm't jjbj iGeometria incerti auctori ob-^ o-i^I^ jJliUJI ^jjJLJ! ^ 



i M"-^. Geometria «LjjJLi»^_i^JI)) < njiirTttl ^ . J^jjj ^.o Aj^jJLI 

^1 ^ 

ntVt j o" i ill Jlj9 4_l!jV1 oI^-jj>JI (jl (^pajItAjj t^lrt t njJl mill fjyS L»J)Jjt 

\ 

^ ^jJ j-t "t l ^j-C CjLo ^ . U a (_>oMir " i n\ LajIj J<j mil jj-ujJ 
i^J^LJLl j i^i r (^jL>JI (jj-2Jl ^^i^jiuJ (— ajj-c JILa i4_jjj_c Jij^ual 

4JL0 *L£uVI ijj^>.) ^LxjIloJI j-j/LtJl jj^jj-aJV Lapidario «jjj!jluV» ^ 

4 V ^ j-Slj-^a (jr ^ 4JbJuu ^>>* 4_jI JLSjj i4_jua_3 ^Ir (^jj -^U QJ) <ij" 
(^J^Lill ^_«L!l1I Q^—ill 4J 1 o t " i nlj ^L>.jJl ^j^a ^fli i ii ^ lr (( <i ^ 

. j_>-L-iJ,l 3^Ll^V £c_uLuaJU 

JjIjI (jr ^ ^JJj' (jr^ O- 1 ^— *-^' g'lj-V " i ill jjLjiJ I JUv- 4-3r j 'r mi L_1jL<3jJL»_a ^jl 

^ In i m^JI WjJi' ' jLi-IuVI LT Js ^ J CJI I JL) LoJlulj . ^In cjji ^jjj-SJl 

if * 

JJ? ' ^ * ^ I (jj-^ C^^-* 4^LLus ijj— <<i^hiU (jjjJLjtil i Hal mi i JjIsLLII 

^yjaj 4 |» Vio L^La^Lmjj^ j mi" j ((j,"i(<t ui» ^ ij^j ^ till Ijtj-j jlSJs 
( ^ I W* 4-uj) i ^....iiH <(^j^_u^» ^ ^V* ^»Lc Harz jjL^JL <(j>Ljj^k)) 

^jjj t "ill t-jLl^ ^ Inr I ^jL^ . j» ^ ^ *\ |»Lc Llo j fay* wJ L l ^ iii! ^)) (jr^J 



\ ool ^Lc ^ De re rmetallica <jl>**J *^d>^ £j>>*J 

Lai .^IjjVl 5 Ah V a Co Lawua-rfU ^c3*LU! ^^.^ ^ 

.a_ui^ jsl^ ^ bjijji 4^>Uu^i 4 taUti 4j9>m ^£ 

^M-i^yi , ti yi 'L)JL)j5 S-itLidl ^^Lull (7 V< j^jJI 

JL^xjLj 2LloL>*JI CjLxJUJLI ^j..o <jL39 Ij-l* ^^iic L»jjJ^ Lr^J w *N > "V^ 



\ 




&>V)b\u3 



i_3jl_*JLl o^tj ttjjjj JLjuo . Lc j i^^JLI <?_m> > <_>l^>- < a 1" /jX. i" ij ^ ^ . ^ **." 

Jj^Vl ^1 j\ ^jL^' ,hj3 . Encyelopeaedia of Islam 4_l_a}L^1 
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